Historic, archived document 


Do not assume content reflects current 
scientific knowledge, policies, or practices. 


Washington, D.C. July 26, 1923 


APPLE BY-PRODUCTS AS STOCK FOODS 


By 


G. P. WALTON, Assistant Chemist, and 
G. L. BIDWELL, Chemist in charge of Cattle Food Laboratory 
Miscellaneous Division, Bureau of Chemistry 


Purpose of investigation 
Utilization of apple by-products 
Yield of apple by-products 
Manufacture of dried apple by-products: 
Apple pomace 
Apple-pectin pulp 
Composition of apple by-products: 
Apple pomace and apple-pomace silage 
Dried apple pomace 
Dried apple-pectin pulp 
Feeding value of apple by-products: 
Apple pomace 
Apple-pomace silage 
Dried apple pomace 
Dried apple-pectin pulp 
Comparative cost of feeding apple by-products 
Summary 


WASHINGTON 
GOVERNMENT PRINTING OFFICE 
1923 


UNITED STATES DEPARTMENT OF AGRICULTURE 


Washington, D. C. July 26, 1923 


APPLE BY-PRODUCTS AS STOCK FOODS. 


By G. P. WALTON, Assistant Chemist, and G. L. BIDWELL, Chemist in Charge, 
Cattle Food Laboratory, Miscellaneous Division, Bureau of Chemistry. 


PURPOSE OF INVESTIGATION. 


Shortly after the close of the World War American manufacturers 
became greatly interested in the possibilities of utilizing dried apple 
pomace and similar dried residues as stock foods. ‘Information, 
founded on scientific research, concerning the feeding value of dried 
apple by-products and their effect on the production of milk when 
fed to cows was limited. Accordingly, the Bureau of Chemistry of 
the United States Department of Agriculture undertook an investi- 
gation of the utilization as stock food of dried apple pomace and 
dried apple-pectin pulp. Special attention was given to the value of 
the dried pomace and pectin pulp as sources of “succulence for cows 
during the winter. 


UTILIZATION OF APPLE BY-PRODUCTS. 


The first industrial problem in connection with the by-products 
of the apple probably arose with the first crude attempts to prepare 
a drink from its juice. Evidently the early cider makers (/-4)? 
were not greatly impressed with the value of cider press cake, or 
apple pomace, as food for stock, in spite of the fact that Cato and 
Varro (77) and other Roman writers on agricultural subjects had 
advocated the feeding of grape marc, the refuse from wine making. 
The use of apple pomace as a food for stock may have been ignored 
for the reason that, according to Evelyn (7) and Mortimer (+), the 
fruit employed for making cider at that time was so harsh that 
swine refused to eat it even before the juice had been extracted. 

In 1708 Philips (720), the first to mention in the literature the 
possibility of feeding apple residues to animals, recommended the 
final press cake from cider making as a fertilizer. By the end of 

1The feeding trials with dried apple pomace and dried apple-pectin pulp reported in 
this bulletin were conducted at the Beltsville Experiment Farm, Bureau of Animal Indus- 
try, Dairy Division, T. E..Woodward, Dairy Husbandman, in charge. 


2 The italic numbers in parentheses throughout this bulletin refer to the literature 
cited, pages 35 to 39. 
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the eighteenth century some consideration had been given to the 
utilization of apple pomace. Marshall (7/2) states that the offal, 
or “dry must,” had but little value as manure, but was used as fuel 
at times and also as feed for pigs. 

Since that time the advantage of utilizing press residues as a feed 
is never lost to sight. Before 1800 in Normandy and Brittany 
measures seem to have been taken to preserve apple pomace when 
it was abundant for use in feeding stock during the winter (/2/). 

Many years later Storer (730) suggested ensiling apple pomace, 
“a process of preservation which is largely employed in Europe for 
keeping soft and juicy material.” Later it developed that 30 years 
before Storer’s publication had been issued a Massachusetts farmer 
had preserved apple pomace by storing it in a pit under his barn and 
had fed it to his cows during the winter. 

It is generally accepted that apple pomace has a very low value as 
fertilizer. According to Browne (57), it is worth nearly as much for 
fuel as it is for fertilizer. Warcollier (738) states that it is worth 
six times as much for stock food as it is for fertilizer. 

Only a small part of the total pomace produced can be profitably 
used in the fresh condition because of its perishable nature when 
moist. It may be ensiled, yielding a succulent cattle food compar- 
able to corn silage, of real value in the winter feeding of cows; but 
the quantity that can be thus utilized is limited by the prohibitive 
cost of transporting material of such high water content more than 
a few miles from the source of supply. 

The ultimate solution, then, of the problem of utilizing the great 
bulk of apple pomace hes in its preservation by dehydration. In 
the form of dried pomace it may be stored for a long time and used 
as desired in the manufacture of pectin, evaporated apple products, 
vinegar, or stock for “ apple-base jelly.” Because of the low water 
content of this material when properly dried, it may be shipped at a 
comparatively low cost. 

Apple pomace was first dried in the United States by a few manu- 
facturers on a small scale for jam and jelly purposes in 1915.* Eight 
years earlier a Canadian cider manufacturer had undertaken the 
preparation of dried apple pomace as a commercial stock food. 
While not possessing high quality as a feed, this product was sweet 
and attractive to cows and sheep. It contained only 8.5 per cent of 
moisture, but had a very low crude protein and fat content. 

Vernon (735) and Warcollier (738) state that the drying of cider 
residues has long been practiced in Germany, particularly at certain 
cities on the upper Rhine. At Frankfort an association (la Pomo- 
sin) specialized in the commercial drying of the wet pomace from 
that region. The dried pomace ordinarily was not used for stock 
food, however, but was sold to manufacturers of jellies and preserves. 
In 1911, because of a shortage of material in Germany, negotiations 
were opened with French cider makers for a supply of dried pomace. 
This started the industry on a commercial scale in France. 

The new enterprise did not make rapid headway at first, owing 
to the uncertainty as to whether the German demand would persist 
longer than the shortage of German pomace. By 1918, however, 


% According to S. L. Crawford, an industrial chemist. 
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Warcollier and Hédiard state that the more important French cider 
mills were equipped for drying the marc which they produced and 
that obtainable from the farms. As a matter of fact, the French 
have practiced the air drying of marcs for many years. “ Nouveau 
Cours Complet d’Agriculture ” (67) describes the cutting of the press 
cakes into 1-foot squares and drying in tiers for useas fuel. Houzeau 
(87) and Cornevin (67) advised drying in the same manner for fuel 
or for the winter feeding of rabbits. Probably this also was the 
method referred to by Storer (730) when, in discussing means of 
preserving pomace, he mentions“ the ordinary method of drying.” 

In England apple pomace was dried before 1910. In 1911 several 
tons of cider residues were dried in a kiln used for drying brewers: 
grains and fed to cattle ($9). From an incomplete chemical analysis 
the material appears to have been of average composition, and the 
animals did well on the dried “ chads ” in mixtures with other feeds. 
The quantity drying of pomace had been developed during 1909 or 
1910. 

This by-product industry evidently made progress in England, 
for when the French war mission to study cider making in England 
visited the British Isles in 1916, the larger mills had a well-estab- 
lished trade in dried pomace (739). A cider mill in Devonshire was 
equipped to dry 54 tons of fresh marc to a water content of 12 per 
cent every 12 hours. The dried pomace was sold to American im- 
porters for $13.60 a ton (normal exchange). English farmers 
bought it for from $8.80 to $13.25 a ton. 

In the United States the publications of Lewis and Brown, of the 
Oregon Agricultural Experiment Station (98), and of Caldwell, of 
the Washington station (56, 58), advocating the salvaging of waste 
fruit products by desiccation, deserve some of the credit for starting 
the movement for the commercial production of dried apple pomace. 

The preparation of jellies, jams, and similar fruit confections re- 
quires the presence of a sufficient quantity of pectin to insure a firm, 
properly jellied product. Crude pectin is readily obtainable from 
certain fruits, notably the apple, and in recent years apple pectin 
in a concentrated and more or less purified form has become of some 
importance as a trade commodity. Apple pectin in constantly in- 
creasing quantities, either in the crude state or after concentration, 
is being used. The pulp left after the pectin has been extracted 
offers possibilities as a feeding stuff, particularly in plants where 
evaporators for drying pectin pulp press cake have been installed. 


YIELD OF APPLE BY-PRODUCTS. 


From the standpoint of the practical cider maker, an apple con- 
sists of but two parts, juice and mare, or solids not in solution (704). 
If the soluble constituents are completely extracted, only about 4 
per cent of solids remains. In other words, the total juice, includ- 
ing water and soluble constituents, is about 96 per cent of the apple. 
This percentage, of course, varies somewhat with the type of fruit. 
Table 1 gives the composition of various parts of the apple as re- 
ported in the literature. 
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TABLE 1.—-Analyses of portions of the apple (reported in the literature). 


Composition on original basis. 
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1 Reported by Browne (53). 

2 Reported by Meunier (114). 

3 As invert sugar. 

4 Reported by Storer (130). 

5 Reported by Lloyd (103). 

6 Reported by Huber (88). The air-dry seed consisted of 62.5 per cent kernels and 37.5 per cent hulls; 
the moisture-free seeds consisted of 63.5 per cent kernels and 36.5 per cent hulls. 

7 Insoluble in cold water. Results reported by Bigelow and Gore (45). 

8 Extracted by boiling water. 


When apples are pressed in a modern cider mill the yield of juice 
ordinarily does not exceed 80 per cent of the quantity originally 
present in the fruit. Thus the solid residue, known as apple pomace, 
is about 28 per cent of the weight of the apples crushed. According 
to Barker (39), the grater type of mill makes it possible to press out 
a very high proportion of juice, occasionally as much as 90 per cent 
of the weight of the fruit. Cruess (62) states that a ton of apples 
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should yield 160 gallons of juice (33 per cent of pomace) if well 
pressed. He recommends a pressure of not less than 500 pounds 
per square inch. The pressure commonly recommended for factory 
practice for the larger modern cider presses is 300 pounds per 
square inch of “ cheese.” 

Reports from a large number of cider mills in the United States 
show that the yield of pomace is about 30 per cent, on the average, 
based on a water content of 80 per cent. In American mills the 
pomace dry matter constitutes about 6 per cent of the weight of the 
apples crushed. ‘These, of course, are only rough estimates. The 
proportion of pomace produced depends upon the quality of the 
fruit and the type of mill. 

The estimates of the total tonnage of apple pomace produced by 
commercial operators in an average year is based on reports from 
cider manufacturers. It is assumed that 15 000,000 48-pound 
bushels of apples are pressed for cider each year? in the New Eng- 
land States, New York, New Jersey, Pennsylvania, Virginia, West 
Virginia, Ohio, and Michigan, and that 7,500,000 bushels are pressed 
in the rest of the country, making a total of 22 ,500,000 bushels. This 
would give 162,000 tons of pomace containing 80 per cent of mois- 
ture. In addition, many thousands of tons of pomace are produced 
on the farms. Fippin (66) states that 5,250,000 gallons of cider 
were made on New York farms in 1909, an increase of 1,000,000 gal- 
lons over the average yearly production for the preceding decade. 
This quantity of cider would result in the production of over 9,000 
tons of moist pomace on the farms of New York alone. 


MANUFACTURE OF DRIED APPLE BY-PRODUCTS. 


APPLE POMACE. 


In 1916 (159) one of the larger mills in England which dried 
apple pomace on the commercial scale used rotary dryers of German 
make, such as are employed for drying exhausted beet cosettes. The 


“technique of drying apple pomace and similar products is discussed 


in most of the recent French papers reviewed. Those of Vernon 
(735), Warcollier (138, 139), and 'Tanvez (/3/) include details of 
value. La Cidrerie (131) gives the following description of the op- 
eration of a Vernon rotary drying system. 

Three units of varying capacity, ¢ capable of handling 770, 1,210, 
and 1,980 pounds, respectively, of fresh pomace per hour, are em- 
ployed. Three workmen (an engineer, a man to feed the dryer, and 
one to sack and weigh the finished product) are needed. The ee 
units require 4, 6, and 8 horsepower, respectively. From 40 to 50 
pounds of coal is used in the production of each 100 pounds of dried 
pomace. On this basis the fuel cost in the United States per ton 
of dried pomace would be between $3 and $4. Rotary kilns seem to 
have been generally adopted. 


4The average moisture content of fresh apple pom ace from 81 American deterutnel itions 
is 80 per cent; from 15 English determinations, 71.3 per cent; from 8 French deter- 
minations, 79. 6 per cent; and from 5 German determinations, 75.2 per cent; an average 
of 78.6 per cent for 109 determinations. Many of the determinations included, however, 
were made before efficient presses were the rule. The average moisture content of Ameri- 
can twice-pressed pomace probably is to-day almost 75 per cent. 
: awe pressing season in northeastern United States is from September to December, 
nclusive. 
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In the United States the steam-heated rotary dryer (Fig. 1) seems 
to be held in greatest favor, owing to the absence of danger from 
scorching the product. The pomace is run first through a picker and 
then through the rotating drum which is the real dryer. From the 
lower end of the drum the dried pomace is conveyed to the storage 
bin. The older slatted-floor kiln, commonly used 1n the evaporation 
of apples, is also employed in drying pomace. 

A simple calculation serves to show that 1 ton of dried pomace 
with a moisture content of 10 per cent can be obtained from 44 tons 
of wet pomace containing 80 per cent of moisture.® 

In France it has long been the custom to recover the apple seeds, 
which are sold to orchardists and nurseries. Elutriation is some- 


# 


. 
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Fic. 1.—Steam-heated rotary pomace dryer. 


times used for this purpose. This separation is also accomplished by 
shaking machines, fans, or winnowers which are put into operation 
after the water content of the pomace has been reduced to 25 per 
cent. Precautions must, of course, be taken not to impair the via- 
bility of the seeds by letting the temperature become too high. 

The cost of drying pomace containing 65 to 70 per cent of water 
down to a moisture content of 12 to 13 per cent is given by War- 
colher (238) as 3.5 francs per 100 knilos ($6.14 normal exchange per 
ton) of the dried material.‘ This agrees with a recent estimate on 
the cost of drying obtained from an American authority, who states 
that with a steam dryer of the rotary type, capable of handling be- 
tween 21 and 24 tons of wet pomace in 24 hours, and a consequent 
output of from 5 to 7 tons of dried pomace, the cost of drying will 


6Under present conditions of American factory practice, pomace which has been 
pressed a second time in the manufacture of vinegar stock contains from 74 to 78 per 
cent of moisture. This means that from 54 to 4 tons of the press cake will yield 1 ton 
of the dried product. 

7 This refers to conditions in France just before the World War. 


APPLE BY-PRODUCTS AS STOCK FOODS. i 


vary from $5 to $7 per ton of dried product. With a smaller ma- 
chine, handling from 12 to 14 tons of the press cake per 24 hours, 
the cost of drying is increased to between $6 and $8 per ton of dried 
pomace produced. 

In France, in 1918, the selling price of dried apple pomace was 
$2 a ton (740). Manufacturers in the United States state that they 
receive for dried apple pomace, as it comes from the dryer without 
| being ground, $30 to $50 a ton in carload lots, f. 0. b. shipping point. 
7 The surplus dried pomace, however, could be bought in 1921 for feed 
' for $25 a ton, after the needs of manufacturers of pectin and related 
products had been satisfied. One manufacturer estimated the cost 
of handling and drying the pomace in 1921 at $15 to $20 a ton. In 
1921 more than 50 tons of material billed as “apple waste,” valued 
at between $47.50 and $50 a ton, entered the port of Boston. This 
material was shipped from Nova Scotia and probably was not apple 
pomace, but dried peels and cores. One manufacturer believes that 
dried pectin pulp can be made and sold in the unground condition 
for about $25 a ton. : 


APPLE-PECTIN PULP. 


The apple products utilized on a commercial scale as a source of 
pectin are chops (apples, usually culls, which without peeling or 
removing the cores have been sliced and dried), dried cores and 
skins from canneries and drying-houses, known commercially as 
waste, and apple pomace (cider press cake), generally bought by 
pectin manufacturers in the dried state. The dried residuum, after 
extraction of such products with both cold and boiling water, offers 
possibilities as a stock food. This material is generally known as 
dried apple-pectin pulp. 

At one of the large fruit-products factories the process of manu- 
facturing pectin, and incidentally pectin pulp, is essentially as 
follows: | 

The chops, waste, or dried pomace, as the case may be, is first 
desugared by extraction with cold water and then cooked with 

} boiling water or live steam until the pectin is brought into solution, 
after which the greater part of the pectin liquor is squeezed out of 
the mass in a hydraulic press.® 
As it leaves the press the extracted press cake residue, variously 
termed “apple-pectin pulp” and “extracted apple pomace,” is a 
moist product, containing from 75 to 85 per cent of water, by weight. 
Because of this high water content the extracted press cake is sub- 
ject to rapid spoilage, which may account in part for the fact that 
when first called to the attention of the Bureau of Chemistry the 
material was a liability to the manufacturer of pectin. 
Probably not less than 8,000 tons of the moist material, equivalent 
3 to more than 2,000 tons of dried pectin pulp, was produced in the 

United States during the 1920-21 season. This quantity would be 
increased many times should the feed show promise and a market 
for it be developed. 


8 The expressed liquid containing the pectin is usually first clarified and then concen- 
trated by evaporation, the degree of purification and concentration depending on whether 


the pectin is to be used immediately or is to be stored or prepared for the trade. 
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Thousands of tons of pomace are allowed to go to waste annually 
in the cider and vinegar industry at the present time. Once the 
manufacturers realize the importance of the sugar and other valu- 
able carbohydrates that remain in the cider press cake, it is probable 
that a serious attempt will be made to salvage these substances by 
extraction, thereby increasing the production of pectin pulp. 

So far as is known, only three of the several factories producing 
pectin are equipped for drying the pulp and supplying the dried 
product to the market as stock food. Other manufacturers produce 
pectin, and the recognition of the by-product as a stock food doubt- 
less would result in the commercial drying of their pulp residues. 


COMPOSITION OF APPLE BY-PRODUCTS. 


APPLE POMACE AND APPLE-POMACE SILAGE. 


Jacquemin and Alliot (90) report a study of the composition of 
first, second, and third pressing pomace made by Seguin and Pail- 
heret. A summary of the analyses of apple pomace and apple- 
pomace silage found in the literature is given in Tables 2, 3, and 4, 
which also show the average analyses of repressed pomaces. Every 
effort has been made to avoid duplication in recording these analyses. 


TABLE 2.—Cattle-food analyses of apple pomace and apple-pomace silage (re- 
ported in the literature). 
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Apple-pomace silage: 
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1 These determinations are the averages for individual samples, calculated to a moisture-free basis, and 
are not derived from the averages of the analyses on the original basis. 

2 Moisture-free determinations are reported on 40 samples. 

8 ieepected by Houzeau. The author does not state that the straw used in pressing was included in the 
samples. 

4 Reported by Houzeau (87). 

5 Pomace was extracted by diffusion. Results reported by Houzeau (87). 
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TARLE 3.—Miscellancous analyses of apple pomace and apple-pomace silage (re- 
ported in the literature). 


Composition on original basis. 


Num- Reducing Reduc- 
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Apple pulp (English): 4 
BATS ADRESSIUOS «re oe on ome a aes 2 
second pressing.............-.- 1 
Apple pomace (ordinary).........- 3 
Apple pomace (French): 
1 pressing (straight)........... 3 
3 pressings (exhausted)......... 4 
Exhausted by diffusion........ 1 
Apple pomace (slightly fermented) 7 1 
Apple-pomace silage............... 1 
Composition on moisture-free basis. 
borat R 
ro : e- 
Mois- Total 
ae ea ee ture. aes sugars} oy Tan- | Pure ied Insol- 
aiene as 8 as Ash. : muci- uble 
: gars crose. nin mat- 
Re dex- lage. wae ash. 
trose. : 
vert. 
Pomace specially prepared a 
from— Per ct.| Per ct.) Per ct.) Per ct.| Per ct.| Per ct.) Per ct.| Per ct.\ Per ct 
[Oe ? Sos33) Sz Sulice oa. - 18. 0 PA eae Ce eal [nie [ES seg 
Summer apples !.........- PRONE Neier) ewes a Saree Dene eun iE? | eee ae 
13 SOES4) 322.9 i): 13.9 AS i pee ae EOE A) eee ol eS A 
Fall apples. ......-------.- Pstioneeen LEMS 2. Garey 5 Speed as 2) cee 
Winter apples............. 9 gt. 0 2 DAs asec 16.3 1. s eRe ae es rey eee 
0.9 Pi eee (PAL Net Wessess alec nk o'acle se ne eee 
Crabapples..........--.-.. { rE i iio Beene Mapai = eee abs obs, 2. ee 
Apples (kind unknown)?.. Me eats: |; 2k OF |= 5. 32. 8. 2 | US fae ae cama Fares, od (ee 9) See let 
DiVEROEO Mahi. 3. been J AS (80 72)). S25. J. Mo jn2e 15. 8 OS CoAT EE RES 2 OF cnck Los deters eee 
Apple pulp (English): 4 
First#pressing <2 wc. esse. 7 Via SH ak 1 0 ee SHON eee eA le fe tO Cat sae eee. 
Second pressing. .......... MS eaGon eles? Ody laces 5.1 0s Se, ae ae al ae el 
Apple pomace (French):5 
MEN NP SSUE 5152) dai0'. ance dete s apa d~ ic =|23-- pes Wale! |e ofa! 3.2] .79] 6.9] 66.2 1.5 
DOC OMCIDECSSIN Cree = eS -n. << [= oats |CE oe w= [ee ves mn 1G Sele een ek 2.3 . 45 52:4 76.3 .9 
LU se aes a ee ee RRS abee cs 2.1 . 10 4,.1| 78.9 1.6 
I pressing (straight) 6...... SORZF| see aewe BF a See ae Sorel ieee ape aad aed ee [he ate 
3 pressings (exhausted) 6. - . Al as SOLS Sekt HE OR | Ts pee Se ate ocean |e yt Cee ee Ne 
Apple pomace (slightly fer- | 
Tash cl 2 ee ae A eee ee aS OSS" lee oo ee PaO pee ee saiee Roce se oes of See haa fen c wales - 
Apple pomace (German)8.....|.......|.......|..----- pe EY |) aie eens Ca SAL | aM. 


1 Analyses reported by Alwood (36). 


2 Analyses made on laboratory sample by Browne (43). 
3 Determinations on crabapple pomace are not included. 


4 Analyses reported by Allen (34). 


5 Analyses reported by Seguin and Pailheret (Jacquemin and Alliot) (90). 
6 Analyses reported by Houzeau (87). 
7 Analyses reported by LeChartier (97). 


8 Analyses reported by Mach (108). 
9 As dextrose. 
10 As sucrose. 


44664°—23——2 


10 BULLETIN 1166, U. S. DEPARTMENT OF AGRICULTURE. 


TasLeE 4.—Manurial constituents of apple pomace and apple-pomace silage 
(reported in the literature). 


Original basis. 
Num- |— 
ber of A 
Product deter- Phos- Mag- Ferric = 


A -. | Nitro- F : Soda «4 | insol- 
mina-| Mois- Potash|phoric ; Lime | ne- oxid 
tions. | ture. &N) (K20).| acid |(CaO).| sia rae (Fe, | Uble 
. (P2005). (MgO). s Os3) C 


Per ct.|Per ct.|Per ct.|Per-ct.\Per ct.|Per ct.|Per ct.|Per ct.|\Per ct. 
0.03 


American apple pomace....... 80.5! .23| .13| .02] 0.04) 0.03 | 0.03 | 0.01 | 0.01 


French apple pomace: ! 


dl Pressing Ss. S25 bs Se 80. 2 12 19 05 |P sc 2Voslsscee Se llaee ceo|t eee eee eee 
SiPLeSsiUgs = fo. ease a oetoe 80. 1 Si; 14 00v S88 2315 tee ol eee sae sees 
Moisture-free basis. 
ume 
ber o : c 
: Mois- -,| Ash 
Product deter- - Phos- Mag- Ferric] . 
mina-| ‘ure. pu Potash|phoric | Lime | ne Re oxid anaes 
tions. EN) (K20).| acid |(CaO).| sia we: fe Bi ae 
P205). (MgO). O3). acid 


Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct.|Per ct. 


American apple pomace.....-- { 12 | 78.5 | 1.02) 0.63 | 0.14 |...----).----. J. 2 =o -|-- ana -[on noone 


Zt TOUR Ere Sete cco na. eect O19 | O: 144) 0.135) 0204 0. 04 

French apple pomace: ! 
1 pressing.....- Rtas tae! 3°| 80:2 59 94 26 "| 52 2s SES eee eee | 2 eee ees 
SIPRESSIM Ss Sra a oa eee ee 4] 80.1 83 fil 726 |. ste onc | aeeece ale act sche ee ae eee 
Apple-pomace silage. ........- al ar ie 1.24 | 1.05 AD eS te See e ace le oe ae eee 


1 Reported by Houzeau (87). 


Neither the fresh nor the ensiled apple pomace was analyzed in 
the investigation conducted by the Bureau of Chemistry. 


DRIED APPLE POMACE. 


PREVIOUS INVESTIGATIONS. 


A few chemical analyses of dried apple pomace are reported in the 
literature, 3 from American, 4 from French, and 4 from German 
sources. In addition to these, 3 analyses have been made by in- 
dustrial chemists in this country, and several were made in the 
Bureau of Chemistry °® in connection with the present investigation, 
making altogether 17 complete cattle-food analyses from which to 
determine the average composition of dried apple pomace. These 
results, together with the analysis of a partially dried mixture of 
apple pomace and molasses, reported by Meunier (7/4), are given in 
Table 5. 


® One of the analyses was made for H. C. Gore, of the Bureau of Chemistry, in connec- 
tion with his study of unfermented apple juice. : 


OT hy ae ee 
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TABLE 5.—Analyses of dried apple pomace and of air-dried pomace molasses 
mizture (reported in the literature). 


Composition on origina] basis. Composition on maisture-free 


basis. 
Num- 

ber of | | | | fi. 
Product. deter- \. . | re Nitro- fa, . ‘ Nitro- 
mina -. | Ether) rude gen- |Ether Trude en- 
tions rica ex- oe pro- | Ash.| free | ex- vows pro- | Ash. | free 
ure. | tract tein. ex- | tract. tein. ex- 
tract | tract. 

Dried apple pomace 
erican— EMT Cle GP ct. Pett... 2 t-te. ct. | Petar 
Li ea store Gets. 6 3.5 1-1 8 1750.41 0230 16.0 | 3.9 | 2.0) 58.2 
re Pirate 15.8 | 5.6] 25.7} 6.6] 2.8 | 69.4] 6.0] 29.7] 7.1 | 3.0 | 75.8 
Averapet..) i. i.2.- 9| 8.6] 3.8]18.8) 4.6] 2.3 | 61.9| 4.2] 20.6] 5.0} 2.5) 67.7 
French— 
oS See SS ee 11.4] 3.8/18.2] 4.2) 3.5 | 53.9) 4.3) 20.7) 4.8| 4.0) 61.6 
Maximum......... jenee-- 13.2; 4.7) 21.0} 5.0) 4.0 | 57.2} 5.3 | 24.0 5.7} 4.6] 65.1 
1G i 4112.3] 41 | 19.631" 4:6) | B21 | 00-1 | 4241 22-3-) 5-3 14S | Gee 
LS rs Se 10:0 | 3.2|16.8| 4.0] 2.1 |} 49.1 3.6 | 20.5 4.4) 2.4 57.6 
(esi i he 18.0] 3.6 | 21.4] 6.3] 5.8 | 59.1] 4.4] 25.1) 7.7) 6.8] 66.7 
MVOTAGC: .. 52-2 ccn-5f 4/143] 3.4/19.1) 5.3] 3.4) 54.5) 4.0] 22.2); 62; 4.0] 63.6 
Minimum..........|.....- 5.5} 1.8] 14.6] 3.3] 1.8| 49.1] 2.0] 16.0) 3.9] 2.0} 57.6 
Masmmums-...-..-|-.--=. 18.0] 5.6 | 25.7| 6.6] 5.8 | 69.4] 6.0] 29.7) 7.7] 6.8 75. 8 
Awerage...--.-'.---.- 17} 10.8] 3.8|19.0] 48] 2.9} 58.7] 4.3] 21.4) 5.3] 3.3] 65.7 
A pple-pomace-molasses 

i Dag ae aie eae 34.8 | 3.5] 10.6} 4.0] 6.5 | 40.6] 5.4] 16.3] 6.1|10.0] 62.2 


| 
| 
j t i ' 


1 Three lots of American apple pomace with an average moisture content of 10.3 per cent had an average 
acidity of 198 cc. N acid per kilo. 
(11 oe mixture was air-dried and consisted of 1 part of pomace to 1 part of molasses, as reported by Meunier 
). 


PRESENT INVESTIGATION. 


Two representative samples of commercially evaporated apple 
pomace were analyzed in the Bureau of Chemistry. The first 
(sample 37199) was produced in a small mill and was only par- 
tially dried. It had an odor indicative of slight fermentation when 
received in the laboratory, but otherwise it appeared to be in good 
condition. The other (sample 37254) was part of a 400-pound lot 
obtained from another mill for use in the feeding trial reported on 
pages 27 to 29. This product, which was thoroughly dried and per- 
fectly sweet and sound, is typical of pomace which has been properly 
dehydrated, at moderate heat, to serve as the source of commercial 
pectin or apple base for jelly stock. The material analyzed was dried 
in a steam-heated rotary pomace dryer (p. 6). 


CHEMICAL EXAMINATION, 


The methods of analysis of the Association of Official Agricultural 
Chemists were followed, except for the modifications noted. 

Moisture was determined directly by drying the sample to constant 
weight in a vacuum oven at 65° to 70° C. The vacuum gauge regis- 
tered between 24 and 28 inches.*° A slight flow of air, dried by con- 
centrated sulphuric acid, was maintained through the oven, to sweep 
out the water vapor. 

Crude protein—The nitrogen™ was determined in the nitrogen 
section of the Bureau of Chemistry by the Kjeldahl-Gunning-Arnold 
method and the figure thus obtained was multiplied by 6.25. 

1° The equivalent of atmospheric pressure, minus the pressure of the oven, measured in 


inches of mercury. 
4 Organic and ammoniacal nitrogen. 
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Ether extract (crude fat) was determined by the official method, 
both without previous extraction of the material with cold water and 
after such extraction and subsequent drying. The higher results, 
obtained without extracting with water, are the ones reported. | 

Crude fiber—Properly prepared asbestos was mixed with the 
charge in both the acid and alkali digestions. This was practically 
necessary because of the slowness of filtration. Even with the 
asbestos present and serving to render the residue more porous, the 
second filtration, after the alkali digestion, was very slow. 

Nitrogen-free extract—The percentage of nitrogen-free extract 
was obtained by subtracting the sum of the moisture, crude protein, 
ether extract, crude fiber, and ash percentages from 100. 

Reducing sugars and sucrose.—The Bryan-Given-Straughn method 
for total (reducing and nonreducing) sugars, applicable to cattle 
foods (7), was followed, but it was modified in the case of the initial 
charge and the aliquots used. 

Starch was determined by the official malt diastase method, modi- 
fied as follows: Twenty-five per cent alcohol, instead of 10 per cent 
alcohol, was used for extracting sugars and other interfering soluble 
carbohydrates. For the first digestion of the gelatinized starch with 
malt extract, after adding the infusion the temperature was raised 
gradually to 70° C. instead of 55° C. and maintained at this tempera- 
ture for 30 minutes, the total time of heating being about 1 hour.?? 
After the acid hydrolysis, phosphotungstic acid solution 1* was added 
to defecate the cold acid dextrose solution. When it had been fil- 
tered to eliminate precipitated impurities, an aliquot was neutralized, 
after which the usual procedure was followed. 

Recent work on the determination of starch in the presence of 
interfering polysaccharides, such as pectin, has indicated that cor- 
rect results may be obtained by using 60 per cent alcohol to elimi- 
nate the interfering substances. Immediately after the malt diges- 
tion alcohol is added, a little at a time, with constant mixing, until 
the concentration reaches 60 per cent. An aliquot of the filtrate is 
evaporated over steam until the aqueous residue is practically free 
from alcohol. This residue is taken up with hot water and sub- 
jected to acid hydrolysis, etc. (J. Agr. Research, vol. 23, No. 12 
(1923), p. 995). 

Degree of acidity (total titrable acidity) was determined on a 
water extract and on an 80 per cent alcohol extract of the material, 
essentially following the tentative method of the Association of Offi- 
cial Agricultural Chemists (7). The extracts were obtained by vio- 
lently stirring the charge and solvent in a four-sided 8-ounce glass 
jar for 80 minutes by means of an electric mixer.** In the case of 
the water extract, distilled water, previously boiled and cooled, was 
used. The total acidity, expressed as cubic centimeters of normal 
“acid” per kilogram of material, is termed the “ degree of acidity.” 

Specific acidity (hydrogen-ion concentration) of the water and 
alcoholic extracts——The specific acidity (hydrogen-ion concentra-— 


12 While the conversion of starch into sugars is not as complete by this procedure as by 
digestion at 55° C., the starch is rendered soluble much more effectively, and with the 
second digestion conducted at 55° C., as in the original method, uniformly better results 
have been obtained in the Bureau of Chemistry. ‘ me Ge 

13 Two cubic centimeters of a 10 per cent solution of pvhosphotungstic acid in 1 per cent 
hydrochloric acid. 

14 Described in U. S. Dept. Agr. Off. Sec. Cire. 68. 
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tion) was estimated on a portion of the clear extract * by a slight 
modification of the colorimetric method described by Gillespie (72), 
taken from Barnett and Chapman (9), in which use is made of the 
principle introduced by Clark and Lubs (//), following Salm (74), 
of “ superimposing the twé extreme colors of an indicator in deter- 
mining its half-transformation point.” Instead of using a system 
of 9 pairs of tubes, having drop-ratios 1:9, 2:8, etc., Medalia’s 
system (72) of 7 pairs, having pH exponent intervals of 0.2 be- 
tween each pair for the indicators used, was adopted. Briefly, the 
procedure is as follows: 1° 


Make the color comparisons in the small “ block” comparator described by 
Gillespie. Calibrate 7 pairs of test tubes, selected to fit the comparator and 
for their uniformity in bore, for 5 cubic centimeter capacity, and arrange in a 
double-row test-tube rack. Into each pair of tubes deliver a total of 8 drops 
of the suitable indicator solution, from 1 to 7 drops in each of the 7 front 
tubes, and from 7 to 1 drops in each tube in the rear row, taking the precau- 
tion to hold the delivery pipette in an upright position. Add enough alkali” 
(dilute acid in the case of the indicator thymol blue, acid range) to the tubes 
in the front row to produce the full alkaline color and enough acid™ to those 
in the back row to develop the acid color; then fill to the 5 cubic centimeter 
mark with distilled water, previously boiled and cooled. Similar tubes are 
used for the solutions under examination (the water extracts of the pomace). 
Eight drops of the indicator solution is, of course, required, and the 5 cubic 
centimeter volume is completed with the unknown solution. Mix well* the 
contents of all tubes before making the color comparisons. 

In making the color comparisons arrange the tubes, held vertically in the 
comparator, in two files of three tubes each. One file includes the tube con- 
taining the unknown, with indicator solution, and two tubes of distilled water. 
The other file consists of a pair of the standard tubes and a tube containing 
the unknown solution, without indicator. This arrangement is necessary, on 
the one hand, to obviate optical differences caused by the thickness of the 
liquid viewed, and, on the other, to offset the natural color and any turbidity of 
the extract under examination. Try different pairs of standards until the 
color of light passing horizontally through that file of tubes matches the color 
from the file containing the tube of unknown with indicator. 


As stated by Gillespie (7/2), the tubes are best viewed against the 
sky. Occasionally in the case of certain indicators, such as brom- 
phenol blue, trouble is experienced in matching the colors because 
of a dichroic effect, especially noticeable in turbid solutions. In 
such cases the tubes may be viewed by the yellow light of a carbon 
electric lamp screened as advised by Clark and Lubs. 

Only two indicator solutions were needed in estimating the spe- 
cific acidity of the pomace extracts, a 0.05 per cent aqueous solution 
of bromphenol blue’® and a 0.02 per cent solution of thymol blue 
(thymolsulphonephthalein) in 80 per cent alcohol. 

To develop the full acid and alkaline colors, respectively, in the 
standard paired tubes the following quantities of reagents were used 
for the two indicators: 


1% Not necessarily the same extract used for the total acidity determination, but one 
for which this had been determined. 

16 A much simpler but less accurate color comparison may be made on an ordinary 
porcelain spot-plate, using 5 drops of extract and 1 drop of indicator solution. The 
color is matehed against standard buffer solutions of Known pH, or in the absence of 
these it may be compared with the colors in Wherry’s chart (78). 

17 The quantity of alkali or acid varies somewhat for the different indicators. 
rat ne may be accomplished by rolling the tube back and forth between the palms of 

e hands. 

122 Tetrabromophenolsulphonephthalein. The 0.05 per cent solution was prepared by 
diluting 1 volume of the indicator solution furnished in the LaMotte field set to 20 
volumes with freshly boiled and cooled distilled water. 
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Bromphenol blue—TYo produce the acid color, 0.5 cubic centi- 
meter of N/10 hydrochloric acid solution; to produce the alkaline 
color, 1 drop of N/20 sodium hydroxid solution. 

Thymol blue (acid range).—To produce the full acid color, 2 
cubic centimeters of 1.25 per cent hydrochloric acid solution; to pro- 
duce the color of the alkaline end of the range, 1 cubic centimeter of 
0.005 per cent (N/700) hydrochloric acid solution. 

The volume in all the tubes should be made up at once to 5 cubic 
centimeters. 

The specific-acidity 7° values accepted for the several drop-ratios 
are given in Table:6. These specific-acidity and pH values, while 
not exact, are close enough for the purposes of this investigation. 


TABLE 6.—NSpecific acidity and pH values for indicators used. 


Bromphenol blue. | P2Ymol blue (acid 


range). 
Drop-ratio. 

Specific Specific 

acidity | PH- | aciditya | PH 
1 Re (EA eed ee A SMM er een eer Pap ne erase ts ey SA Nene 6, 300 3.2 400, 000 1.4 
rin tel de Sa theta th tae PS tng Se BR. gS nod As 4, 000 3.4 250, 000 1.6 
SG Se US ee EO TAIE GAT Ee 2, 500 3.6 160, 000 18 
Bee ee boc ote cen oe dae sare atteen 2 BS ee oy. Epes ep ats 1, 600 3.8 100, 000 2.0 
Big tte one Boe lea Sas ae hae ae ens Le ee Boake ne ee 1, 000 4.0 63, 000 2.2 
OU gO rig ete a Ste lees PES Aas aes ae Bn ea ie 630 4.2 40, 000 2.4 
TSA MATS: Fai Sea RSE, SEE SRE oe eee meee oe 400 4.4 25, 000 2.6 


1 Jn round numbers. 


The color standards are quite permanent, and if stoppered and 
kept in the dark the tubes may be used over a long period of time (72, 
p. 451). Reference articles (particularly 72 and 13) contain details 
on the use of indicators covering pH values from 1.2 to 9.8. All 
determinations were made at room temperature, about 25°C. 

Hydrocyanic acid —The determinations of available hydrocyanic 
acid were made by the method used by Viehoever for the hydrolysis 
of linamarin and the subsequent determination of hydrocyanic acid 
(17).2+— Because of the evident absence of the enzyme emulsin (as 


shown by negative results when the samples were macerated with © 


water alone), however, other determinations were made in which 
emulsin was added, to insure the hydrolysis of any amygdalin pres- 
ent. The estimation of hydrocyanic acid in the distillate was made 
by the Volhard method and by the method of Viehoever and Johns. 


RESULTS OF CHEMICAL EXAMINATION. 


Table 7 shows the chemical composition of the dried apple pomace 
analyzed and that of corn silage with which it was later compared in 
the feeding tests (p. 27). The shght difference between the ether 
extract and protein results for sample 37254 in the original con- 
dition and those for the same sample after the seeds had been re- 
moved indicates the presence of an appreciable quantity of fine seed 


20 Specific acidity is based on the hydrogen-ion concentration of pure neutral water! as 
unity, as defined by Wherry (18, 19). ‘ 

21 Miss Ruth G. Capen, in the pharmacognosy laboratory of the Bureau of Chemistry, 
made these determinations. 
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material in the “ seedless” sample. The results given for the edible 
pulp, skin, and seeds of the apple in Table 1 are interesting in this 
connection. 


TABLE 7.—Composition of dried apple pomace and of corn silage. 


' 
% 3. .] © , C7) C7) 

o! Pais 2 a no! D i) rt me a 

Ts) + 7) “s ea nl 3s = Q Mires ais 
<S o ls = WM lwo -12 |’'36\/safdg| SO 
. a SOB ° i es Sw lg k| AAS =s5 ct | a 
So = | HA i pe n~ D pu |b. OO] SOO Soe (Sole Si ty 
os nN o oo n and lo ale — nAla Cleat 7 
Zi ie) — ee 2 a rs MY Seis cc S Gaia Hl|eS! be 
Product 2 ae OL re Poe ee fa eS oe. | AS A ees Soe 
a oO & o Co) SB }/wMs!] Slisadidcwn ~ Sisal —'a ei. 
= =~ a o¥| 2Zlonlogl gdolS|ta0/t4 ofS o 
Q, py = Or oOo : ‘ (>) = 2 Sie a= 12 > Sai —ca 
= TH . ® io wo +O} + = N11 wl Sele 3 (Sila Clas 
° f=} a ww ~ os} oo 1 = = 180 eo ri o 

=| = = — iD =} =| = ==) : 22 25-\5 ~. 
2 .S 7 SZ |e = “4 > o os S o > Ses o's 
= — a 
nD 1a < | |O O1G AiG Amin A |e ae Hs 
Ce. 
acid 


: : : : Bel ales Che | vet. | (ce...) Co 1K 5 

Dried apple pomace..... 237199) 15. 752. 48)3. 87/3. 31/16. 58/58. 01/11. 4) 5. 24/0. 28)..-... 15 2.| | Ba bp 0. 000 

pound sample tested). . 
Dried apple pomace | | 

moval of seeds)........ 37735| 7. 74,3. 21/4. 535. 17/20. 6 |58. 75/13. 6).....|.... PREPE Roe wee res feake, 5 900 
Dried apple pomace 

with 3 timesits weight |{~--~~ 
OL wiieten- s2........ | | | 


Pir bP S| Poe. | Pe PP. P.| 2. (pe | Poy P-| Pa &- 
ch.) ck. \icl.| ct.) ch t C . 
= | 
ee eee re costed). |Y37254| 6. 64 2. 7915. 6416. 63]20. 14158. 16 13. 5111. 12 1.44 {,6-8 \ozal6o. 13)5. 81]10.6) . 001 
(sample 37254 after re- | 
(sample 37254) mixed 76.7| .7|1.4|1.7| 5.0 |14.5| 3.4/2.8] .4 { 3:4} 5815.0 S| 26 
Ue OE . | lp36873 : cree ts 
ge (average)>.... 3715702 £4] .8 |1.7 | 7.0 |15.8 | 4.8).....|...-|..--.| BAObE = 2 ae 


1 Browne (53) has reported that the ratio of levulose to dextrose is approximately 2 to 1. 

2 This sample was obtained from a small mill. 

8 Obtained by the 60 per cent alcohol purification method. 

4 This was the material actually fed. The figures representing its composition were calculated. 
5 These samples were taken from a different silo than the silage actually used in the comparison. 
6 Nonvolatile, 150. 


The determination of starch by the malt-diastase method for 
products of this nature is not entirely satisfactory. The results 
thus obtained are believed to be too high, but in the absence of proof 
that this is the case, they have been accepted. Much lower results 
for starch were obtained by Cassal’s colorimetric method (10). The 
difference in the quality of the colors of the standard and the pomace 
extract was so great, however, that no dependence was placed on the 
comparison. 

The result obtained by the 60 per cent alcohol purification method 
probably more nearly represents the actual starch content of the 
pomace examined. 

The constituent termed “ nitrogen-free extract” includes starch, 
sucrose, reducing sugars, pentosans, most, if not all, of the pectin 
compounds, organic acids not soluble in ether, and certain other 
ingredients present in small quantities. 

Nearly six times as much total acid-reacting substance per pound 
of succulence fed is ingested in the case of the corn silage as in 
the case of the pomace mash. The effect of “acidity” in a food, 
however, is measured not so truly by the total quantity of acid-react- 
ing substances present as by the intensity factor or “strength” of 
the acid, the quantity that is actually and instantly available. The 
“strength” or intensity value of an acid is determined solely by 
the quantity of hydrogen ion (dissociated acid) it contains, termed 
the hydrogen-ion concentration.227. For comparison this intensity 


2“ H+” is the symbol for hydrogen ion. 
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value, or H* concentration, is stated in terms based on the H* con- 
centration of pure neutral water ** as unity. It may be stated directly 
in whole numbers as “specific acidity,” or, as is done more frequently, 
as the logarithm of the reciprocal of the actual concentration, gen- 
erally designated by the symbol pH. 

The data on the specific acidity of extracts of the materials used 
in this investigation (Table 8) are of value not only in determining 
the “ strength ” of the acid-reacting compounds in the apple products 
but also in indicating the identity of these “ acids.” 


TABLE 8.—Acidity of extracts of dried apple pomace, dried pectin pulp. corn 
silage, and dried beet pulp. 


Hydrogen-ion concentration. 


Of aqueous 


solution of 

Hite ot Total “‘pure” acid 

sample acidity of same total 

Sam- | per 100] P&, By acidity. 

p cubic 
Product extracted. pe at cant Otextmet 
* | meters | meters examined. Acid 

ofex- | Ofex- | (Observed.) | potas- | Malic 

tract. | tact. sium | acid 
malate (H2Cy- 


ee 


Ce. N |Specific 
acid. |acidity.2) pH. pH. pA. 


rams. 
rake ne ce wiase er ocioes cick cena ociet 37199 13.3 } 2.505 ; 10,000 3.0 3. 36 2. 39 
Dried apple pomace (400-pound sample): 
80 per cent alcohol extract........-.-.-.-- \ 37954 4.0 . 928 | 10,000 3.0 3. 58 2. 63 
FA CLIEOUS CX brAaCh= 225.32 = Acie Peete 5.0 . 667 | 10,000 3.0 3. 65 2. 72 
Corn silage (moisture content, 71.4 per cent) 
(80 per cent alcohol extract). .............-- 36873 9.3] 3.100} 2,500 BE GH | ajee witincte| pote eaten 
Corn silage (moisture content, 75.3 per cent) 
(80 per cent alcohol extract). ...........-..- 37157 9.3} 3.240] 5,000 Do D.. lolas -Risictelle cnee See 
Dried apple-pectin pulp (400-pound sample): 
80 per cent alcohol extract............-.-- \ 36675 10.0 | 2.420} 6,300 3.2 3. 37 2. 39 
A QUCOUSIOXETACL Sachin ca ete ete cee S 10.0} 1.900} 4,000 3.4 3. 42 2. 45 
Dried apple-pectin pulp (unground) (80 per 
centjalcoholiextract es. 25.2 es seh ae 37373 4.0] 1.248 } 10,000 3.0 3. 52 2. 56 
Dried apple-pectin pulp (2-ton sample) (80 
percent alcohol extract): ...-2.-..-sscseece- 37866 4,0 .992 | 6,300 3.2 3. 57 2.61 
Dried beet pulp: 
80 per cent alcohol extract...............- \ 37867 { 4.0 .192 | 6,300 Bs, 2 cS. so al Seeeben 
AQUEOUS extractens. -fe22e 00g. - sate tee 5.0 - 105 800 415 ctecee it eeeeere 


1 Computed for an aqueous solution of “pure” acid having the same total acidity as the extract examined. 
2Tn round numbers. 


Bigelow and Dunbar (44) have shown that free malic acid is the 
source of acidity in apples. The treatment to which the fruit is sub- 
jected in obtaining dried pomace, however, permits of fundamental 
changes in the character of the “acidity” during the process of 
manufacture. 

By comparing the pH exponents (Table 8) determined colorimetri- 
cally on the dried pomace extracts with those computed for pure 
solutions of acid potassium malate and free malic acid, it is ap- 
parent that if malic acid is principally responsible for the acidity, a 


shown that a liter of such water dissociates to the extent of containing 0.0000001 gram 
of H+ or 10-7 gram; hence its pH value (the pH of the neutral point) is 7. 
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sufficient quantity of soluble basic salts or other reactive substances 
must be present to exert a strong buffer action.* It is even probable 
that the pectin substances could exert a buffer effect of this magni- 
tude. At any rate, the effect in solution is that of free malic acid 
buffered by some malate. For the normality involved the specific 
acidity of a malic-acid solution is approximately ten times that of a 
solution of the acid malate. The pH values in the last two columns 
of Table 8 for acid potassium malate and malic acid were computed 
by the help of the following formula, derived from Ostwald’s Dilu- 


_ tion Law, as explained in detail by Thomas (/6) : °° 


KV 
Per cent ionization = 100 (y KY ass ) 


V=volume in liters, in which 1 gram-molecular weight *° of the 
substance is dissolved. 

A =the dissociation constant (the values given for Aa in Scudder’s 
(15) tables). 

The pH values as thus computed are based on conductivity data 
and not on measurements by the hydrogen electrode. Therefore they 
should not be accepted as absolute. 

Investigation of the amygdalin, or more precisely the hydrocyanic 
acid, content of dried pomace was undertaken because of the well- 
known fact that ripe apple seeds contain important quantities of this 
toxic substance. Huber (88) has reported the presence of from 0.62 
to 1.38 per cent of amygdalin, corresponding to from 0.037 to 0.082 per 
cent of hydrocyanic acid, in the dry substance of apple seeds. Auld 
(8) found that as little as 3.9 grains of hydrocyanic acid was fatal 
to an 80-pound sheep when taken in the form of potassium cyanide. 
Corresponding to Huber’s highest figure in hydrocyanic acid con- 
tent, 5.74 grains of hydrocyanic acid would be contained in 1 pound 
of seeds. 

Examination of the dried pomace, however, indicated an entire 
absence of emulsin, the enzyme occurring in apple seeds (88), which 
serves to generate free hydrocyanic acid from the glucoside amyg- 
dalin. | 

Sample 37199 gave a negative test for hydrocyanic acid, even 
when the enzyme was added to the macerated material. The quan- 
tity of seeds present may have been so small that any acid formed 
on maceration was not sufficient to give the test, or the method of 
preparing the pomace may have been such that the cyanophoric 
compound was changed and did not yield hydrocyanic acid. 

In the examination of sample 37254, the material used in the 
feeding trial, the seeds were separated by hand from the remainder 
of the pomace and tested separately. The seeds constituted 5 per 
cent by weight of the sample, and, with added emulsin, yielded 0.020 
per cent of hydrocyanic acid, corresponding to 0.38 per cent of 
amygdalin. This is equivalent to 0.001 per cent of hydrocyanic acid 
in the dried pomace. The pomace material from which the seeds 
had been removed gave a negative test for hydrocyaniec acid. 

% Buffer action in this case means the power to depress the formation of hydrogen ions. 

* By an evident typographical error in Thomas’ article this formula was incorrectly 
stated: “ Per cent ionization—100 Vxv—< 

*°One gram-molecuie. 


44664°—23 
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While there is an appreciable quantity of hydrocyanic acid in the 
seeds, so long as the liberating enzyme is eliminated in the process 
of manufacture, as evidently occurred in this sample, there should 
be no danger from feeding reasonable quantities of dried pomace 
such as this. Auld (8) has shown that the hberation of hydro- 
cyanic acid from similar glucosides is retarded in normal digestion, 
even in the presence of the glucosidoclastic enzyme. On the other 
hand, fermented, moldy, or yeast-containing feeds generally contain 
enough of the enzyme to supply any deficiency, so that the safest 
course is to see that precautions are taken by the manufacturer of the 
dried pomace to eliminate not only the enzyme but the cyanophoric 
glucoside. This could be accomplished either by removal of most of 
the seeds or by first “ digesting ” the moist press cake in a warm 
place for several hours, then thoroughly cooking the pomace during 
or, preferably, before drying. 

The possibility of turning to good account the substance that may 
make the presence of the seeds in a feed dangerous is worthy of 
some consideration. For example, it has been shown that apple 
seeds contain from 0.62 to 1.38 per cent of amygdalin, which, in the 
kernels of bitter almonds, is the source of the volatile oil of that 
name. Bitter almonds are reported to contain from 1 to 3 per cent 
of amygdalin, and other seed kernels, recommended as a source of 
the volatile oil, contain from 1.5 to 3 per cent (123, 124). After 
decomposition of the amygdalin and removal of the volatile oil from 
apple seeds the thoroughly heated and dried residues might prove to 
have some value as a feed. 

It has been suggested that material containing such large quantities 
of pectin substances as dried apple pomace might cause injury if 
fed in excess, owing to the formation of methyl alcohol from the 
pectin.2” Fellenberg (65) reported that he obtained methyl alcohol 
from the digestion of foods containing pectin, and Tutin (733) has 
shown that not only methyl alcohol but acetone is liberated from 
pectin by the action of the enzyme pectase and also of cold dilute 
alkali on pectin. Here again, however, heating the material thor- 
oughly in a moist condition would serve to destroy the liberating 
enzyme if it were present in the pomace. Considering the large quan- 
tity of pectin consumed daily by animals and by man, injury from 
this source appears very remote. 


DRIED APPLE-PECTIN. PULP. 


Several apple residues intermediate in composition between 
straight apple pomace and apple-pectin pulp are obtained by sub- 
jecting the straight pomace to a second or third pressing, with or 
without the addition of water and soaking between pressings 
(p. 8). To avoid confusion, “apple-pectin pulp,” synonymous 
with “ extracted apple pomace,” is here apphed only to the product 
which remains after treating the original dried apple material, 
whether chops, waste, or dried pomace, with cold water to remove 


sugars and other soluble substances, and subsequently extracting the 


27 A portion of dried pomace (sample 37254), subjected to destructive distillation in a 
copper retort, yielded 1.5 per cent methyl alcohol and over 2 per cent acetic acid. This 
work was done by W. F. Sterling, in the leather and paper laboratory of the Bureau of 
Chemistry. 
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pectin with boiling water or steam. There are but few references 
in the literature to such apple-pectin pulp, either moist or dried. 
Alwood (35) in a general way pointed out the economic loss in- 
volved, because of their sugar and pectin content, in allowing cider 
press residues to go to waste. In 1899 Browne (5%) called attention 
to the profits to be derived from the utilization of “ second press- 
ings.” He stated that the residue may still be used as feed or for 
other purposes. 

The only analyses of apple-pectin pulp in the literature are those 
of Shutt (729). Two analyses of this product were received from 
industrial chemists and several were made in the Bureau of Chem- 
istry. Table 9 shows the composition of commercially dried pectin 
pulp, moist pectin pulp, and a dried mixture of molasses and ex- 
tracted pomace and the pulp from which it was obtained. 


TABLE 9.—Average composition of moist and dried apple-pectin pulp (extracted 
apple pomace) and of dried pulp-molasses miature. 


Composition on original basis. 


| | 
| Re- 
| | Nitro-|, De-.| 2° 
Product. Mais Ether any de Crude gen-| gree oe Gy. | Tota: 
ture. | ,°%-, | fiber.| PTO | Ash. | free | of | cars | crose.| SU 
* | tract. *| tein. ex- | acid- 28 *| gars. 
tract.) ity. | jn. 
| vert 
Cc.N 
acid 
per 
Che Pier Clal biel bea Cho lee Cla| ECL |PIGLE Os] ecaCESy| dasiCee Nl eae Cae 
Moist pectin pulp (Canada)1!............ Bogle lh Ongena da lots ORE SK |e Set ele ee Ie eee 
Moist pectin pulp (American) (sample | 
Lifes: 5 oo se ES ee ee ae 1530) | S157 | LOr Se 252 isa 9.5 B50) ssn OC k 1.9 
Moist pectin pulp (American, from peel- | 
ings and cores) (sample 26313)......... 88. 0 Ape von .9 late Sr lee O20 bs 2 2A a Se 
Dried pectin pulp (American): | 
Factory dried (6samples)........... eee MEY (es wn Ui A Fy tO aS Ses Sl a A ee | eee ey eer 
Miscellaneous (6 samples)..........- SR US SE eee a ed (eee | Ss ee ae 215422. See ene 
Miscellaneous (4samples).........-.- i ee ee ere, (oer eae ale omiars oll SER er 4.3 ay a a 
Dried pectin-pulp-molasses mixture 
Roca d (it 8) a 10.0} 4.4) 26.9| 6.7] 5.1 | 46.9 | ae eae 9.7|12.9| 22.6 
| } ] - 
Composition on moisture-free basis. 
| | Nitro-| Re- | 
Product. ‘ nae 
Ais Ether Crade Crude : gen- ducing) su- | Total 
ture : fiber. | PEO | Ash. | free | sugars| arose, |suvars 
* | tract. “* | tem ex- | as yuataas See 


| tract. |invert. 


_ Moist pectin pulp (American) (sam- |P.ct. | P.ct. | P.ct. | P.ct. | P.ct. | P.ct. | P.ct. | P.ct. | P. ct: 
“OES USS ne pe ee Se en oe 75. 0 6.9 | 42.0 8.9 4,2 S50 I ey es O43: 7.4 
Dried pectin pulp (American): | 
Factory dricd (6 samples)......-. 8.8 80} 26.5 Due 3 iS eres ocala mt 
Miscellaneous (4 samples)... -..... aa ee ees Span wees ee eee Heeepaas Beseae 4.7 4 5.1 
All pectin pulp: | 
ECCT E Rite Tie 8 BR oe eal ae et ee oe 4.8 | 22.0 2 Oe et es AL ee a pe ee Sa 
WUEDECECIUDE 90 ee Soa Se eae es ey cee 9.7 | 42.0 9.5 i (MES SR) SRS Pe BU 
A-verage'(9 samples)... .:.......-.-.|......- % 29. 1 8.0 Sao ene eos he ae oa iee Sone 
Dried pectin-pulp-molasses mixture 
US STAI] O] Go Wrat2 2) Ee a 10.0 4.9 |} 29.9 7.4 5.7 52, 1 10.8 14.3 25. 1 


1 Reported by Shutt (129). 

1 This sample was prepared from sample 29155 (9 per cent) and molasses (11 per cent), dried toa moisture 
content of 10 per cent, equivalent to 2 parts of moisture-free pomace to 1 part of blackstrap molasses. The 
figures representing the composition of the mixture were calculated. 


20 BULLETIN 1166, U. S. DEPARTMENT OF AGRICULTURE. 


Apple-pectin pulp was first brought to the attention of the De- 
partment of Agriculture by a manufacturer who found this so- 
called “extracted apple pomace ” a waste product and its disposal 
a source of annoyance. A representative sample of the fresh, moist 
residue was analyzed. Later a sample of the dried product was 
received from another manufacturing company, which proposed put- 
ting it on the market as a stock food, under the name of “ dried 
apple- -pectin pulp,” and had equipped a plant for that purpose. 

Representative subsamples (Nos. 36675 and 37866) of the two 
lots of dried pulp used in the feeding experiments were analyzed 
in the same way as the dried pomace samples (p. 11). These lots 
of the feed, which were sound and sweet and had been well dried, 
may be considered to be fairly representative of commercially dried 
apple-pectin pulp. 

Table 10 gives the data obtained in the chemical examination of 
the dried pectin pulp, as well as those obtained in the examination 
of the dried beet pulp with which the pectin pulp was compared in 
the milk-production test (p. 30), with the exception of the spe- 
cific acidities of the extracts which are included in Table 8. As the 
pectin pulp and the beet pulp were mixed with three times their 
weight of water before being fed, calculated values showing the 
composition of the respective “ mashes” are given in Table 10. The 
composition of the corn silage with which the pectin pulp was com- 
pared in the preliminary trial is also included. 


TABLE 10.—Composition of dried apple-pectin pulp, dried beet pulp, and corn 


silage. 
| | P 
3 Mois- ae crude! A1 Nitro- 
am- | ture Ether _ Crude} Albu- gen- 
Product. ple | at | Ash.| ex- Ree pro- | min- cade free 
No. | 65° tract.) “Q,. | tein. | oids. “| ex- 
70°C tract tract 
Dried apple-pectin pulp (not ground at IPYCTANRS Che seach eactey < Ct.)|\ Pct... Cte | Pacts 
MAC ORY) eirag tao ceed cc, seen 37373 |. 5.86:.)-3.37 | -7.91 |... -- 1 ee 28.50 | 47.23 
Dried apple-pectin pulp with seeds removed 
(ionvsample 37373) s%scus sees atts tocce eer 37736 | 6.94 | 3.28 | 7.57 |..---- to) ee 27.66 | 47.74 
Dried apple-pectin pulp (400-pound lot)...-. | 36675 | 9.28 | 2.98 | 6.19 | 3.07 | 6.88 | 6.25 |24.13 | 50.54 
Dried apple-pectin pulp (2-ton lot). .-....---.-.| 37866 | 9.86 | 3.85 | 6.90 |..-.--- ee LS | ae a |25.60 | 46. 66 
Dred pect pulp sso s2s2 32. ae a eee | 37867 {10.30 | 3.38 3; | eae -e Secoy|ee- =e (19.59 | 57.94 
Dried apple-pectin pulp (sample 36675) 
mixed with 3 times its weight of water,? as 
fede eos ta Be oS Sosa coe ce pee oe See se Se 77.30 | .70 | 1.60 | 0.80 | 1.70 | 1.60 | 6.00 | 12.7 
@orusiiaze, es fed 2: 4.c7.5i0 41s ewes (erg7y(73-30 | 1-40 | .80| .50 | 1.70 |...... 7.00 | 15.80 
Dried apple-pectin pulp (sample 37866) | | 
mixed with 3 times its weight of water,? as | | 
1CYG it, Sat A Re ke Seta, so Sa Spica Pelee fda BS (eee r-50 el 00) Pele O) | sees tT SOt le oes | 6.40 | 11.60 
Dried beet pulp (sample 37867) mixed with 3 | | 
times its weight-of water,? as fed.........:-.|.-..--- 77.60 | .80| .10|.-...- 2.10 | Uesee 4.90 | 14. 50 


1 More nearly true fat than ether extract. 
2 The results reported for this sample were calculated. 
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TABLE 10.—Composition of dried apple-pectin pulp, dried beet pulp, and corn 


silage—Continued. 
N | 
Non- £ 
duc- reduc: starch De- ee bles Alco- pe 
Sam- | Pen-| ing | ii (dias-| gree |, (0) |insol-| hol | dro- 
Product. La ee su- | gars So of "Bla uble pre- cyanic 
° S.| gars | "2, meth-| acid-| -.j,. \rude| cipi- | acid 
asin-| 31. od). | ity. stance.| Pre tate. | (HC 
vert. tiga is wa? sl COL, N). 
Cex Ni 
acid 
per 
Dried apple-pectin pulp (not ground at Pacha Rael dPs Cte | Pe |tkile.|; P. ct. P.et.| Pts rete 
MASL ON eee et nasa mcrae t= so-so Molo |lBewONe asses ss |aee ec RUZ 9 25 PE onl oe 30. 00 
Dried apple-pectin pulp with seeds re- 
moved (from sample 37373).....--.---- CMO ML AOUMP ER cele eorcte oe oe ot le ee eee pies. 3 . 60 
i apple-pectin pulp (400-pound Pe | 
OE ES Ee ee an 6675 |12.70 | 4.66 | 0.44 |...... TAD Weaace |) e922 00 
ae apple-pectin pulp (2-ton lot)..... aie 112.20 | 3.52] .43 1,54 | 248 |68.01 | 6.88 | 9.3 | ° 00 
Peed peetpulp.<-...-.-.:------2-:2--- |. 37867 |26.40| .35 |-1.35 |....-- ye ae, Se ean eet 
Dried apple-pectin pulp (sample 36675) 
mixed with 3 times its weight of | | | 
VPLS 5) 110 Le pe a _----| 3.20 | 1.20] .10|.....- 60) Sacer ere [eacwees 
Monmsuseosas 10d. 352.052. 2052-3-2-%- ee \4 B0Ueee oes feet oeen ss 67340" |e ces eee ee Lose 
Dried apple-pectin pulp (sample 37866) 
mixed with 3 times its weight of fades 
eee attod: ate ee a eo es CO a \ 62 |17.20.| 1.70 | 2.30 |.....- 
Dried beet pulp (sample 37867) mixed 
with 3 times its weight of water,? as 
IT ees ea tere or eee Se ee 3 2 G60 rotO |) 230) 5222 Dic |ugs = Saeed 2 eee Fee. ae 
| 


2 The results reported for this sample were calculated. 

3 Although the test on the whole sample gave a negative result, a separate test on the seeds (2 per cent of 
the sample) gave a positive result. 

4 Obtained by the 60 per cent alcohol purification method. 

5 This samp e contained a very small quantity of seed tissue which, when tested separately with added 
emulsin, gave a positive result. 

6 Nonvolatile, 150. 

The similarity in composition between the pectin pulp, moistened 
as fed, and the corn silage is striking, if the acidity be excepted. 
While the result for ether extract in the pectin pulp is twice that 
in the silage, the true fat content, gauged by the petroleum-ether 
extract, is but little greater. The beet pulp “ mash” is higher in - 
crude protein, although lower in albuminoids, but contains prac- 
tically no fat and a “negligible quantity of sucrose. Albuminoid 
nitrogen in the one sample “of pectin pulp tested for it constituted 
over 90 per cent of the total nitrogen. This agrees well with corre- 
sponding data found in the literature for apple pomace (79, 108). 

The malt-diastase determinaticn of starch was no more satis- 
factory for dried pectin pulp than for dried pomace, nor was the 
colorimetric method reliable. The results obtained by the 60 per 
cent alcohol purification method probably more nearly represent 
the true starch content. 

The sample from which seeds had been separated, like the corre- 
sponding dried pomace sample, still contained fine seed tissue, 
judging by the ether extract and protein contents. This fine seed 
material probably had lost its cyanogenetic property, as in rup- 
tured seed tissues, particularly when moist, such reactions are soon 
completed, and any hydrocyanic acid formed would have been 
eliminated in the drying process. 

The degree of (total) acidity ranges from 12, for the moist beet 
pulp, to 340, for the corn silage, with the pectin pulp “mash 
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occupying a mean position at 60 to 62. On tne other hand, the 
specific acidity values of the extracts lie within rather narrow 
limits, that for the corn silage extract being the lowest. The alco- 
holic extract of the dried beet pulp, very weak as to total acidity, 
shows a remarkably high hydrogen-ion concentration, indicating 
over 30 per cent ionization, while the aqueous extract has an in- 
dicated ionization of 7.5 5 per cent.2* Solving for A in the ioniza- 
tion formula (p. 17), assuming the acid to be monobasic, yields 
approximately 5x<10-° for the Talcohale extract and 3.9X 10° for 
the water extract, values higher than those given in Scudder’s 
tables for any common organic acid except oxalic. This indicates 
the presence of a “ strong’ acid in dried beet pulp.*® 

From. the feeder’s standpoint, then, the available acid in the 
beet pulp “ mash” was more nearly equal to that in the moistened 
pectin pulp than would appear from an ordinary acidity titration. 

Examination of the dried pectin pulp for cyanogenetic substances 
gave negative results. A positive test was obtained on seeds separated 
from the unground sample, but the quantity of-hydrocyanic acid 
in the dried pulp as a whole would be negligible. Apple pectin 
pulp is subjected to thorough cooking in the process of producing 
pectin, sufficient not only to render it safe in the matter of cyanogene- 
sis, but to sterilize the product as well. 


FEEDING VALUE OF APPLE BY-PRODUCTS. 


APPLE POMACE. 


As early as 1888, Wolff (743) published data on the digestible 
nutrients ‘contained in apple pomace. The list of materials for 
which he determined coefficients of digestibility, however, does not 
include apple pomace. Probably, therefore, the data he gives were 
secured by using the coefficients ‘for some similar material, not by 
actual digestion « experiments with apple pomace. The same is true 
for the data that he published in 1895, for which different coefficients 
were used. 

Thus Linasey, assisted by Bes lena and Smith, in 1903, probably 
was the first investigator to ascertain the percentage digestibility of 
nutrients in apple pomace (/00, 101). His digestion ‘experiments, 
which extended over two seasons, included complete trials with six 
sheep (full-grown, grade Southdown wethers). During the same 
periods Aildacaee tests, In which apple pomace was compared 
with corn silage, were conducted with dairy cows. From 15 to 30 
pounds of pomace were given daily to each cow. The pomace used 
was obtained fresh from a cider mill and was stored under cover. 
Juice gradually drained from the pile, but the material remained in 


287t is not uncommon to find the total titrable acid in an 80 per cent alcohol extract 
higher than in the corresponding water extract, but to find an acid more highly ionized 
in the alcoho! than in water is surprising. 

2 The presence in sugar beets of several relatively ‘ strong” organic acids, including 
malonie, aconitic, and l-tartaric acids, has been reported by Riimpler (726). Of these, 
malonic has the highest ionization, with a reported “ Ka” of 1.63X10-3, at 25° C. If it 
be assumed that the acidity of the beet pulp extracts is due to a dibasic acid, such as 
malonic, insterd of a monobasic acid, the values for Ka would be halved, giving 2.5 and 
1.9 times 10-3 for the alcoholic and aqueous extracts, respectively, values not greatly 
exceeding that for the Ka of malonic acid. The higher observed values might be 
accounted for by the effect exerted by other dissolved constituents, such as salts, 
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good condition. A summary of the data obtained from these experi- 
ments is included in Table 11. 


TABLE 11.—Coefficients of digestibility of apple by-products (from the 
literature). 


Portion of constituent digested. 


By-product. Nitro- 
Dry ibe Crude | Pro- | Ash. |8en-free Galac-| Pento- 
: matter. tedat fiber. | tein. rt. ex- tans. | sans. 
J : tract. 
Ld 
Per Er Per | Per LAG 4p Per ‘Ea 
cent. cent. cent. cent. cent. cent. -| cent. | cent. 
Apple pomace fed to sheep 3.......... 72 46 6550) aso: 2.22 49 80). 2 2a. 
Dent corn silage fed to sheep?#........ 64 85 62.0 hs rl Rane 8 69) |e ee 
Flint corn silage fed to sheep3........ 75 82 77.0 Goalies? 28 TOG me Seo ns | eee 
Apple pomace presumably fed to | ~ | 
RAMIMANYS Soe} Jas een i Jeedlsteteden 60 40.0 OOM eae = (UB Pree ae een 
Dried apple pomace presumably fed | 
iN Lng SS ea SE 2 pe ieee 50 6.3 40 Eee: Wee ncetsel: . eee 
Fresh apple pomace presumably fed | | 
POPCORN DOE as ora. ms ce ee ER Pe oe SS, c 43 6.7 BARN oH CO! Sas oes eee 
Insoluble marc fed to man .......... Sees ioe 20 he ee ae ED Es Pe eae 76. 8 88.7 


| | | | | 


1The net energy value of apples containing 81.8 per cent moisture is 0.1592 therm per pound. In 
. computing this value from the digestible organic matter, Armsby (Pa. Agr. Exp. Sta. Bull. 142) used 
y the factor 0.539 for the number of therms of energy lost as heat per pound of dry matter ingested. This 
factor is very close to that for wheat bran. 
2The percentage of digestible constituent is determined by multiplying the percentage of the con- 
stituent by the coefficient (per cent digestible). 
8 Coefficients reported by Lindsey, Holland, and Smith (101); the results on corn silage are included 
for the sake of comparison. 
4 Coefficients calculated from Wolff’s tables (144). 
5 Coefficients calculated from Kellner’s tables (94). 
6 Coefficients reported by Schneider (127). 


Lindsey and his associates found that the sheep did not digest the 
pomace evenly, although no digestive disturbances were observed. 
It was readily eaten, however. They ultimately concluded that (1) 
the total dry matter in apple pomace is about as digestible as that in 
the best grades of corn silage; (2) judged by composition and digesti- 
bility, pound for pound, apple pomace should approach average 
corn silage in feeding value; (8) judging from an 8-week alter nate 
feeding trial with 2 cows, fr om 4 to 5 pounds of pomace is equivalent 
to 1 pound of “ good cow hay ”; (4) as much as 30 pounds of pomace 

% per head may be fed daily with hay as roughage for mature cows and 
steers. They, however, advise feeding not more than 10 pounds 
at first. 

In 1905 Kellner (94) published figures for the digestible nutrients 

n “fresh ” and “ dried ” apple pomace which must have been based 
on coefficients entirely different from those of either Wolff or Lind- 
sey. Here again apple pomace is nct in the table which gives diges- 
tion coefficients based on actual trials, so that it must be assumed 
that coefficients for some material similar to pomace were used. Co- 
efficients calculated from Wolff’s and Kellner’s data are given in 
Table 11. Evidently, from his extremely low coefficients for crude 

3 fiber, Kellner’s results are based on experiments with animals other 
than ruminants, probably horses. It is possible that the digestion 
coefficients for apple by- “products *° reported by Lindsey and his co- 


8° Schneider (127) reported enefficients for the digestibility of the pentosans and g al: 1c- 
tans in apple mare, the pulp of the apple remaining insoluble after thorough extraction 
with cold water. The results of his experiments, which were conducted on human sub- 
jects, are reported in Table 11. 
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workers are the only ones which have been determined by actual di- 
gestion experiments. 

Few tests showing the effect on milk production of feeding fresh 
apple pomace to cows have been reported. Most investigators have 
merely generalized on its comparative merits. 

Johnson (93) stated that horses and colts ate frozen pomace’with 
evident relish and benefit, but that cattle would have none of it. 

Goessmann (77) quotes Wolff as stating that the “ fodder constitu- 
ents ” in pomace are worth more than those in the same weight of tur- 
nips and as much as those in sugar beets. 

Jenkins (97) fed pomace to horses and to cattle with good results. 
He states that it is prized as a food for these animals. 

Houzeau (87) assigned a much lower feeding value to pomace, in 
comparing it with hay, than that reported later by Lindsey. In his 
estimation, 10 pounds of straight (one-pressing) pomace, or 7 pounds 
of exhausted “ small cider ” residue (after three pressings) .°1 is equiv- 
alent to 1 pound of good hay. There is nothing in Houzeau’s report, 
however, to indicate that his results were based on actual feeding 
trials. In fact, it is evident that he formed his opinion as to nutri- 
tive value on the content of crude protein. Furthermore, he dealt 
with pomace from French cider apples, which for generations have 
been grown with the view of obtaining a large yield of juice with a 
high content of tannins and sugars. Such pomace undoubtedly 
would contain less digestible matter than that from American sources, 
where, as a rule, good eating apples are used. 

Houzeau, and earlier LeChartier (97). directed attention to the 
effeet of the thoroughness of extraction of the juice upon the quality 
of the resulting pomace. Exhausting the mare by repressing, 
especially with the addition of water, lowers the content of soluble 
carbohydrates but increases the proportion of crude fat and protein. 

European writers have assigned varying feed values to apple 
pomace. Desplanques (90) gives its nutritive value as half that of 
beets. He states that when fed to the extent of half the ration to 
cows it increases the milk flow. Warcollier and Hédiard (740) 
believe that it compares favorably with beet forage or with fresh 
beet pulp. Lhoste (97) states that approximately 3} pounds are 
equivalent to 1 pound of good hay, a comparison evidently based on 
Kellner’s data. 

In 1911 the Harleshausen Agricultural Experiment Station, Ger- 
many, compared apple pomace with maize (corn) meal as the basal 
ration for swine. The pomace proved to be the more economical 
when the supplementary feeds were potatoes, barley, wheat bran, and 
meat meal (80). 

Most of the earlier writers, especially the French, discuss the 
popular beliefs prejudicial to apple pomace, either fresh or ensiled. 
Before the cause of contagious abortion in cattle was discovered it 
was generally believed that the feeding of apple pomace was a con- 
tributing factor. With more reason, perhaps, pomace was often 
blamed for off-flavor in milk or butter. Investigators now agree, 
however, that this is due to a fermented *? or decomposed condition 


<—n France the press cake was broken up and reground with water between pressings. 
2 Normal silage fermentation is not injurious, but aerobic acidification appears to be so. 


—_ 
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of the pomace. The opinion, at one time widespread, that the feed- 
ing of pomace or pomace silage to milch cows has a tendency to cause 
a shrinkage in milk flow has never received substantiation in any 
feeding trials conducted along scientific lines, although as much as 
35 pounds of the silage per cow per day is commonly fed, and the 
feeding of from 45 to 50 pounds a day without ill effects has been 
reported. Investigators agree, however, that caution should be used 


- In introducing pomace into the ration. The animals should become 


gradually accustomed to the new feed. French authorities insist 
that it should not constitute more than from one-fifth to one-half 
of the ration. 

Some evidence exists that the ingestion of too large quantities of 
whole apples or of freshly pressed apple pomace may cause trouble. 
Marchadier and Goujon (///) state that more than 22 pounds of 
fresh pomace per day causes diarrhea in neat cattle. Hills (84) 
quotes his staff veterinarian as having frequently observed that 
after getting into orchards and eating heavily of apples cows “ be- 
came sick, losing control of their limbs and appeared as if intoxi- 
cated.” In many cases there was a serious shrinkage in milk flow 
and_in other instances the animals dried up within 24 hours, even 
though in full flush of milk. Death ensued in some cases. On the 
other hand, Frear states (68) : “* Experience has shown that farm ani- 
mals can be fed on rations containing a large proportion of apples, 
not only without injury to health, but with positive advantage.” 
He adds that it has been found possible to avoid any injury from ex- 
cess of free acid by sprinkling the pomace with chalk before feeding. 

Strictly fresh pomace and whole apples may be classed together 
with respect to potential fermentation (content of fermentable car- 
bohydrates). Grisdale, Robertson, and Bedford (75) fed refuse 
apples to dairy cows at the Canada Experimental Farms, 22 pounds 
per cow per day, with a slight increase in milk flow. There was a 
corresponding decrease in milk yield when the apples were not fed. 

Strictly fresh moist apple pomace is rarely obtainable for any 
extensive period of time and then only by feeders near cider mills. 
Most so-called fresh apple pomace must have undergone some change 
of a fermentative character, so that in reality it is in the early stages 
of silage. 


APPLE-POMACE SILAGE. 


No record of digestibility trials with ensiled apple pomace has 
been found. American investigators appear to have accepted for 
the silage Lindsey’s digestion coefficients for apple pomace. Wolff’s 
1895 figures for the content of digestible nutrients in “ fermented ” 
pomace, “ mashed ” pomace, and dried pomace are derived from their 
percentage composition by the same coefficients as those for his 
“fresh ” pomace, which evidently were not based on actual digestion 
experiments. 6 

Several valuable feeding trials to determine the comparative milk 
production value of apple-pomace silage have been conducted. The 
most extensive were those carried out at the Vermont Agricultural 
Experiment Station from time to time between 1888 and 1903. In 
the five trials 27 cows were fed the silage. The results, summarized 
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by Cooke in 1889 (49) and by Hills in 1902 (84) and in 1903 (85), 
were as follows: 

(1) The apple-pomace silage was well liked by the animals; (2) no undesira- 
ble effects followed its use, and the cows maintained their milk flow, although 
as much as 35 pounds per head daily was fed continuously in some cases; (3) 
pound for pound, apple-pomace silage approached corn silage in feeding value; 
(4) from the same quantity to 7 per cent more milk and butter was obtained 
per unit of dry matter than when corn silage was fed; (5) it was estimated 
that apple-pomace silage was worth from 75 to 100 per cent as much as good 
corn silage. 

The Secretary of the Massachusetts Board of Agriculture (173) 
reported a discussion on pomace silage at a meeting of stock raisers. 
The opinion appeared to prevail that from 12 to 30 pounds once a 
day could well be fed, but that the silage affected the odor and taste 
of the milk when fed just before milking. 

Shutt, of the Canada Experimental Farms (/28), indorses the 
use of apple-pomace silage as part of the ration for dairy cows. 
When it constituted part of the food of four cows, the milk flow was 
maintained. Occasionally it was omitted, with a subsequent decrease 
of milk at the next milking. 

Apple-pomace silage has been fed to swine with conflicting re- 
sults. Goessmann. (72), in experimenting with the production of 
the silage, packed pomace tightly into a cask, the inside surface 
of which had been coated with black tar varnish, covered it. with 
tar paper and a layer of sand several inches thick, and weighted 
down the mass with heavy stones. The improvised silo was filled 
in October and opened the following May. By taking these pre- 
cautions to exclude air, a pomace silage was obtained which had 
a degree of acidity of only 186, corresponding to a total acidity but 
little more than half that of average corn silage. Goessmann states 
that it was highly relished by cows and swine and “is equal to, if 
not superior to the apple pomace from which it was made.” 

On the other hand, a trial of apple-pomace silage as food for 
pigs resulted unsatisfactorily at the Llinois station. Morrow (7/6) 
reports that it was not relished by the pigs, and but very little was 
eaten. He remarks that the silage evidently was exceptionally acid, 
judging by its high content of ether extract. Unfortunately, no 
direct determination of the degree of acidity was made. 

Because of their high water content neither the fresh pomace nor 
apple-pomace silage can attain great importance as a commercial 
feeding stuff in the undried condition. 


DRIED APPLE POMACE. 


PREVIOUS INVESTIGATIONS. 


Comparatively little on the feeding value of dried apple pomace 
has been published. 

In 1886 Frear (68) concluded, from an examination of a sample 
of dried pomace submitted by a correspondent, that this product 
ought to be “a valuable source of carbonaceous food, to be fed with 
a generous admixture of nitrogenous foods.” Wolff and Kellner re- 
ported the content of the digestible nutrients, which, however, was 
evidently based on coefficients determined on some material similar 
to pomace, not on the pomace itself. 
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In 1918 Warcollier and Hédiard (740) and Lhoste (99) published 
data on the digestible nutrients in dried apple pomace. In neither 
case, however, is theré any indication that actual digestion trials 
were conducted. The coefficients, calculated from the data, are 
identical with those used by Kellner (94). 

Warcollier (738), who studied the use of dried pomace as a feed 
for army horses, advocated the substitution of a mixture of 70 per 
cent of dried pomace and 30 per cent of molasses for a part of the 
oats and bran in their rations, thereby making possible a saving of 
from 0.60 to 0.75 franc per horse per day. Such a mixture had a 
moisture content of 12 per cent. A later study, made in collabora- 
tion with Hédiard, included the whole problem of utilizing cider 
residues. Their report includes analyses of samples of pomace dried 
by “ direct heat ” and a calculation of the digestible nutrients. They 
state that desiccation is the best method of preserving cider residues, 
and that the dried pomace is very well liked by farm animals. They 
conclude that feeding experiments have shown that dried apple 
pomace can be included successfully in the ration of horses, but that 
no more than 2.2 pounds of the better grade of hay or 1.4 pounds 
of oats should be replaced by this material. Lhoste’s data are taken 
entirely from Kellner’s tables. He advises cooking the dried pomace 
before mixing it with other feeds. 

There is little direct evidence on the effect of desiccation upon the 
feeding value of apple pomace. Maercker and Morgan (29) and 
Baeck (20) indicated that drying increased the food value of beet 
pulp. Blin (47) stated that stock, at times, prefer dried to fresh 
vegetable products. On the other hand, Warcollier (737) is au- 
thority for the statement that the drying of apples causes a striking 
change in composition, the percentage of insoluble matter being 
thereby increased from 24.2 to 82.1, on a dry basis. Where pomace is 
dried at moderate temperatures,?*? however, as is the general rule in 
America, it is believed that the food value is not impaired. 


FrEeping TEst.™ 


The primary object of the milk-production trial was to test the 
truth of the theory that dried apple pomace causes a decrease in the 
milk flow of the cows to which it is fed. This work also made pos- 
sible a comparison of the milk production from a cow receiving 
dried apple pomace with that when the cow was given corn silage. 

The greatest usefulness of apple pomace for dairy animals lies 
in the fact that it is a source of succulence in winter feeding. For 
that reason the dried apple pomace® was fed wet throughout the 
test. The material, which had been ground to a meal, was pre- 
pared by adding to it three times its weight of water several hours 
before it was fed.*° 

Only one cow was used in the test and the total quantity of 
dried pomace fed was less than 400 pounds. Therefore, the results 
obtained, while indicative, can not be accepted as conclusive. 

88 In the rotary steam dryer, the temperature is said to vary from 75° to 135° C., while 
in the slatted-floor type of apple kiln the range is somewhat lower. 

* Conducted by T. E. Woodward, Dairy Husbandman in Charge of the Beltsville Experi- 
ment Farm, Dairy Division, Bureau of Animal Industry, United States Department of 
Agriculture. 

*® Sample No. 37254—400 pounds dried and ground. 


%It is now believed that the period of soaking should be shortened, particularly in 
warm weather, to an hour or two. 
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For a period of 30 days the animal, a pure-bred Holstein, re- 
ceived corn silage as the succulent portion of her balanced ration, 
which included grain and hay. The silage was then replaced by 
the apple pomace for 30 days, allowing a 10-day transition period 
for the change in diet. Allowance was made for another transi- 
tion period of 10 days at the end of the apple pomace period, 
when the corn silage ration was resumed. The corn silage was 
continued for the third period of 30 days. Thirty-six pounds of 
soaked pomace (9 pounds of dried pomace to 27 pounds of water) 
was fed per day and an attempt was made to supply corn silage in 
such quantities during the third period that the average for the 
two silage periods would furnish approximately the same quantity 
of dry matter as that given in the pomace during the second period. 
The quantity of grain fed was constant throughout the experiment, 
and that of the hay was practically so. Table 12 summarizes the 
data from the feeding trial. 


TABLE 12.—Comparison of yield of milk from cow fed cn dried apple pomace 
with that from cow fed on corn silage. 


Feed consumed. Yield. rs 


Feeding period No.1 Apple 
Corn pomace 


silage. | -(moist- Grain. Hay. Milk. Butterfat. 
ened). 
a 
Pounds. | Pounds. | Pounds. | Pownds. | Pounds. | Pounds. | Per cent. 
Yeon, ae A SOA EE A Sot ea eee et GAO soe 252 245. 0 558. 2 22. 33 4.00 
SR eee. IN ee ek er 0 iesceshos& 252 240.0 502. 1 20. 00 3. 98 
PAVCLAP OS Be D8. SF ocean tne oes O20 Sa ence 252 242.5 530. 1 21.16 . a 


eed. Kaze bs SEES SS SS Eee 1,080 252 240. 0 2 546.6 3 21.68 


1 Feeding period, 30 days. 
2 An increase of 3.11 per cent when the pomace was fed. 
3 An increase of 2.45 per cent when the pomace was fed. 

The cow received the same quantity of grain, 24 pounds less 
hay, and 160 pounds more wet pomace than corn silage during 
the pomace period as compared with the silage periods. On the 
same basis she produced 164 pounds (or 3.11 per cent) more milk 
and slightly more than one-half pound (or 2.45 per cent) more butter- 
fat. This is equivalent to an increase of slightly more than one- 
half pound of milk and one-fourth ounce more fat. per day, during 
which time 54 pounds more succulence, but presumably no more dry 
matter, was fed. 

The pomace seemed to have no effect on the proportion of fat in 
the milk. It was always eaten with relish and no bad effects on the 
animal’s system were apparent. The fact that the cow produced 
slightly more milk when given pomace than when given corn silage 
shows that the feeding of dried apple pomace had no untoward 
effect on the milk flow of this animal. . 

While there was a gradual increase in the milk flow during the 
first 30-day period, the decrease during the second and third periods 
was exactly the same. 

Although the data obtained are perhaps not sufficiently extensive 
to warrant the drawing of definite conclusions, the indications are 
that no bad effects follow the feeding of dried apple pomace. It 
caused no decrease in the milk flow or in the yield of butterfat. 


| 
| 
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The pomace is a palatable feed and when fed as described it 
appeared to be equal, pound for pound of dry matter, to good corn 
silage as succulent food for the dairy cow. Owing to the property 
possessed by dried apple pomace of absorbing large quantities of 
water and swelling, it should never be fed dry, but should be allowed 
to soak in water for an hour or so before being fed. 
The feeding of large quantities of dried pomace or of quantities 
containing excessive amounts of apple seeds might prove injurious. 


DRIED APPLE-PECTIN PULP. 


PREVIOUS INVESTIGATIONS. 


In 1909 Shutt (729) made the following statement concerning 
moist apple-pectin pulp, samples of which he analyzed: ‘“* We should 
not consider that the nutritive value of this material was equal to 
that of the ordinary farm roots or of corn ensilage, but no doubt 
it could be used to advantage, if sound, to furnish a part of the suc- 
culent ration of the milch cow.” This material contained 85 per 
cent of water. The manufacturer of the product made the follow- 
ing report: “ We waited until our stock of roots (turnips and car- 
rots) was finished and then used the pulp. We were pleased to 
find the milk did not decrease at all. Two small pigs used to eat all 
they could find and seemed to thrive on it.” 

Warcollier (738) mentioned that the press residues, after cooking 
apple pomace with water and repressing, were utilized for the feed- 
ing of stock. Arnou (38) suggested that the dried pectin residues 
be mixed with molasses for stock feeding. 


PRELIMINARY FEEDING TRIAL.” 


A preliminary feeding trial was made to determine the palatability 
of the dried apple-pectin pulp, its effect upon the health of stock, 
the approximate quantity that should be fed, and the manner of pre- 
paring it. In this preliminary trial it also was possible to make a 
comparison with corn silage as to relative milk production value. 
As dried pectin pulp should prove of greatest value as a source of 
succulence for dairy cattle in the winter, it was fed wet throughout 
both experiments. The dried pulp which had been ground to a meal 
was prepared by adding to it three times its weight of water. several 
hours before feeding.*® . 

In order to determine the palatability and to find out whether there 
were any detrimental effects on the animal body, the moistened pulp*® 
was fed to four cows for five days. The first day a part of the corn 
silage*® included in their ration was replaced by the pulp; then the 
silage was entirely replaced by a relatively greater quantity of pulp. 

In the comparative milk production test, the aim was to supply 
the same quantity of dry matter in the pectin pulp as the cow re- 
ceived in the form of corn silage. A young Holstein in lactation 
was chosen, and the comparison between the moistened pectin pulp 


** All following feeding trials were conducted by T. E. Woodward, Dairy Husband- 
man in charge of the Beltsville Experiment Farm, Dairy Division, Bureau of Animal 
Industry, U. S. Department of Agriculture. 

88In warm weather the pulp should not be soaked for more than two hours. 

*® Sample 36675—400 pounds of dried and ground pulp. 

4° Same lot of silage as samples 36873 and 37157. 


a 
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and silage was made by the “ reversal” feeding method, as in the 
experiment with apple pomace, except that in this pectin pulp trial 
the test periods were 20 days, with 5-day transition intervals. The 
quantity of grain and soy bean hay fed was kept constant throughout 
the oo Table 13 summarizes the data obtained in this feeding 
trial. 


TAPLE 13.—Comparison of yield of milk from cow fed on dried apple-pectin pulp 
with that from cow fed on corn silage. 


Feed consumed. Yield. 
Feeding period No.1 Pectin : 
Corn pulp . Soy-bean . Butter- 
| silage. (mois- Grain. hay. Milk. fat. 
tened). 


—_——[]———_— | | | | 


| Pounds. | Pounds. | Pounds. | Pounds. | Pounds. | Pounds. 
560 140 200 Bliss 


1 Nt Oo = ipa SN Ailton io = FR Ne eR he Rie SE ake 9561 fi jet ee 5 14. 32 
Oe oe eee. sya ee 1 Cerees! oe 8 eee | GAN eee 140 200 312.6 14. 99 
ABV EIAGOOS. 822 2 see coke 5 reek fe eS eo GOO ss eee 22 140 200 312.0 14. 65 
Di Med Petes ACU LE SS: See eS EES 726 140 200 2 356.9 315.69 


1 Feeding period, 20 days. 
# An increase of 14.4 per cent when the pectin pulp was fed. 
3 An increase of 7.1 per cent when the pectin pulp was fed. 


The pectin pulp seemed to be of average palatability, and no bad 
effect on the health of the cows was noted. In the short palatability 
test, one cow received 58 pounds of the moistened pulp, equivalent 
to 144 pounds of the dried material, in a single day. 

An unusual increase in milk yield occurred during the period when 
pectin pulp was fed, but this could not be considered conclusive as 
the test was conducted on one cow only and for a relatively short 
time. 

MILK PRODUCTION TRIAL. 


Dried pectin pulp has about the same proximate composition and 
ability to absorb readily two or three times its weight of water as 
dried beet pulp. For this reason beet pulp was selected for compari- 
son in the principal production test. 

The feeding trial, conducted by the double reversal method, was 
started late in April.t Six Holstein cows, three pure bred and three 
grade, were divided into two groups. One group received soaked 
beet pulp; the other was fed the soaked pectin pulp as the succulent 
portion of the diet. Ten days were allowed for the cows to become 
accustomed to their rations, and data were then taken for a period 
of 80 days. At the end of this time the rations were reversed, and 
after a 10-day transition interval, data were recorded for another 
period of 30 days. 

Both the pectin and beet pulps were prepared by moistening them 
with three times as much water, by weight, and they were allowed 
to stand (soak) from one feeding period to the next. Forty pounds 
of wet pulp per day was offered to each cow in both groups. The 
remainder of the daily ration consisted of about 10 pounds of alfalfa 


41 The time of year is mentioned because of the effect that the hot weather is believed 
to have exerted on the appetite of the animals for the novel feedstuff. 
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hay per animal and a quantity of mixed concentrates,*? depending 
on the yield of butterfat. The concentrates were fed at the rate of 
10 pounds per pound of butterfat produced. The milk was weighed 
at. each milking, and for 2 or 8 days near the middle of each 10-day 
period samples were taken from each cow for fat testing. The but- 
terfat production results thus obtained were used in determining the 
quantity of concentrate mixture to be fed the following 10 days. A 
more accurate comparison of the relative milk production values of 
the two feeds might have been possible had the animals’ weights 
been more closely controlled. A summary of the experimental data 
is given in Table 14. The apparent discrepancy between the figures 
for quantity of concentrates fed and those for butterfat multiplied 
by 10 is accounted for by the fact that the butterfat yield decreased 
consistently for both groups of cows, so that while the animals were 
receiving quantities of food based on a certain fat yield, they were 
actually producing less butterfat. 


TABLE 14.——Comparison of yield of milk from 6 cows fed on dried apple-pectin 
pulp with that from 6 cows fed on dried beet pulp." 


Feed consumed.? ; Yield.2 
Mixed concen- Beet pulp Pectin pulp ae 
trates. Alfalfa hay. | (moistened). | (moistened). Milk. 
Changes 
ta + =.) $59 21 lle oS Bein bas | = 8 a) Lea en nn in body 
Per Per Per Per Per Butterfat.  |Weght.? 
pound pound pound pound pound 
Total. Of ei Notals|% of —| Total. Sot | Total. |5. of Total. of 
butter- butter- _|butter- butter- butter-| — 
fat. fat. fat. fat. fat. 


Lbs. GUS. || 0S. |\© Los. |. Gos: | Los. | Loss|: wbs, Lbs. Lbs. | Pounds. P.ct. | Lbs. 
TSS o soa OS dh S00: |) 10.5.7, 200s 41. 9) he = sees lee se 4-976: 5. |, 28.96" | T171..86 3.1453 +109 
at Coksoat = leo) Iasor ps 11. 77 )eo2..-.|2--. et « 6,759 | 44.2 | 4,375.7 | 28.60 | 152.93 3.495 — 67 


! 


1 Feeding period, 30 days. 
* These figures represent the totalfeed consumed and yields by the animalsin both groups while receiv- 


ing the two pulps, respectively; hence they are the totals for 6 cows for 30 days. 


3 Total. ‘ 


The results of this trial were less favorable to the pectin pulp than 
those in the preliminary test where corn silage was used. Its rela- 
tive palatability appeared to be lower, as three of the six cows re- 
fused part or all of it at one time or another during the experiment. 
At no time was the beet pulp refused by any of the cows. Even if 
only the data for the three cows that ate the pectin pulp at all times 
be taken, the milk yield is favorable to the beet pulp, 2,678.8 pounds 
of milk being produced on the pectin pulp ration and 2,804.7 pounds 
on beet pulp. The data for all six animals show that when on apple- 
pectin pulp, the cows ate less succulence, produced less, and lost in 
weight, whereas while on beet pulp there was a gain in total weight.* 
For each pound of butterfat produced more food was consumed 
while on the pectin pulp ration. 


“The concentrate mixture was composed of corn meal, 100 pounds: ground oats, 100 
er wheat bran, 100 pounds; linseed meal, 50 pounds; and cottonseed meal, 50 
pounds. 

“At the beginning of the principal test against beet pulp, one cow of the first pair 
started showed a remarkable increase in milk production for the 10-day transition period 
over the previous 10 days. This pair of ani‘nals had been receiving a ration in which 
corn silage constituted the succulence and the gain was made on changing to the pectin 
pulp. The other cow of this pair showed a much less pronounced decrease and just 
previously her concentrate allowance had been cut one-third. 
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How can the apparently conflicting results of the two trials of 
apple-pectin pulp be reconciled? If, in general, beet pulp tends to 
produce more milk than corn silage per pound of dry matter fed, 
it follows that the pectin pulp would make a better showing against 
the corn silage. The total available records ** of feeding experi- 
ments directly or indirectly bearing on the relative production values 
of the dry matter in corn silage and beet pulp favor the beet pulp. 
Furthermore, for every pound of pectin pulp actually consumed in 
the tests, more beet pulp dry matter than corn silage dry matter was 
eaten. Also the earlier trial, using corn silage, was conducted in 
midwinter, while the test using beet pulp was made in late spring 
and summer. Any falling off in appetite during hot weather of 
cattle accustomed to such liberal feeding as were the cows used in 
these tests would be likely to manifest itself in a refusal to clean up 
the less familiar feed. At higher temperatures the long soaking *° to 
which the pulp was subjected preparatory to being fed might in- 
juriously affect its palatability and wholesomeness. A palatability 
test made the latter part of September, while not taking account of 
daily temperature, showed a gradual lessening of palatability of wet 
pectin pulp on standing. The season then at which the trial was 
made may have had an effect on the relative yields, as it is generally 
understood that, other factors being equal, lowered palatability is 
reflected in lower returns. 

Dried apple-pectin pulp should prove of value as feed for the 
dairy cow. It may be classed as a bulky, carbonaceous semiconcen- 
trate, high in crude fiber, similar to dried beet pulp. Because dried 
pectin pulp has the property of absorbing large quantities of water 
and swelling, when fed liberally it should be well moistened with 
water an hour or so before feeding. 

Pound for pound of dry matter fed, it seemed to be superior to 
good corn silage, perhaps intermediate between that and beet pulp 
as a succulent feed for cows in lactation. Its superior showing over 
corn silage, however, cannot be accepted as conclusive. 

The palatability of pectin pulp appeared to vary. Certain of 
the cows under test in the hot weather refused the soaked pulp. 
However, the loss of appetite for the pectin pulp may in part be 
attributed to the fact that it was an unfamiliar feed.*® Dried apple- 
pectin pulp absorbs molasses readily, and becomes more palatable 
by its addition. As the vehicle in a molasses feed, it should prove as 
satisfactory as dried pomace is reported by foreign investigators 
to be. 

While it is probable that the extraction with boiling water to 
which the apple-pectin pulp is subjected during its process of manu- 
facture and the subsequent heating during drying removes the 
hydrocyanic acid, any apple product which contains an excessively 
large quantity of seeds should be fed with caution. 
ang Soaking from one feeding until the next involves subjecting the feed over night to 
conditions which in hot weather might be conducive to fermentations capable of affect- 
ing the quality of the “‘ mash.” = 


46 Much the same difficulties were encountered when dried beet pulp was being intro 
duced as a feeding stuff (22, 23). i 
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COMPARATIVE COST OF FEEDING APPLE BY-PRODUCTS. 


The selling: price of dried beet pulp in March, 1922, averaged $30 
a ton in carload lots. In the feeding experiments here reported 
dried apple pomace and dried pectin pulp were also compared with 
corn silage. From 3.4 to 3.3 pounds of silage was fed per pound 
of dried pomace or pulp. Hence, if the selling price of dried pomace 
or pulp were $25 per ton, the cost per ton of silage would need to 
be from $7.35 to $7.58, in order that the costs of the two rations 
would be equal. 

According to the Bureau of Agricultural Economics, the cost of 
producing a ton of silage from the 1921 corn crop varied between 
$5.32 and $6.77 for Illinois, Indiana, Iowa, Missouri, and Nebraska. 
Therefore in the experiments herein reported the silage ration would 
have been the cheapest if the dried apple products cost $25 per ton. 


SUMMARY. 


In spite of the excellent work done by the State experiment sta- 
tions and many individual investigators in establishing the value 
of sound apple pomace and apple-pomace silage as cattle food and 
showing the extravagance of allowing such material to be wasted, 
thousands of tons of apple pomace are still lost because of indiffer- 
ence on the part of stock raisers or the lack of facilities for pre- 
serving it. 

Only a small part of the 150,000 tons of moist apple pomace an- 
nually produced by commercial cider and vinegar makers in the 
United States can be profitably used in the fresh condition. It may 
be ensiled, when it yields a succulent cattle food comparable with 
corn silage, of special value in the winter feeding of stock. The 
quantity that can be utilized in this way, however, is limited because 
of the relatively high cost of transportation for material having 
such a high water content. 

The profitable utilization of apple pomace, therefore, depends 
upon its preservation by dehydration. The necessity for producing 
new and cheap feeding stuffs and the advance made in improving 
large-capacity drying apparatus make dried apple pomace worthy 
of consideration as a promising commercial food for stock. 

Experiments in France during the World War showed that a 
mixture of 70 per cent of dried pomace and 30 per cent of molasses, 
by weight, could be substituted advantageously for a part of the 
oats and bran in the rations of the army horse. The Department of 
Agriculture has shown that dried apple pomace is a semiconcentrated 
feeding stuff, of medium protein and ether-extract content, capable 
of absorbing relatively large quantities of water or molasses. Some 
of the ether extract represents wax-like substances dissolved from the 
skins, and these can not be considered digestible fats. 

A study of the specific acidity of dried apple pomace indicated 
that if the effect is principally due to the presence of malic acid, its 
ionization has been decidedly depressed. 

Apple seeds separated from the dried pomace contain a cyanophorie 
compound, reported as amygdalin, which yields hydrocyanic acid 
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when digested with emulsin. No hydrocyanic acid was detected 
when the product was digested with water alone, an indication that 
the enzyme was destroyed during the process of preparing this 
commercial sample. 

In the feeding tests conducted in the department the animals ate 
the dried apple pomace with evident relish and suffered no ill effects 
from it. Pound for pound of dry matter consumed, the moistened 
‘apple pomace seemed to be shghtly more efficient as a milk producer 
than good corn silage. 

Dried apple-pectin pulp, the residue of apple material from which 
a large part of the pectin and other substances rendered soluble by 
treatment with boiling water, as well as substances extracted by cold 
water, have been removed, is a semiconcentrated feed of the same 
type as dried apple pomace and dried beet pulp. As a rule, it con- 
tains more crude protein and ether extract and less available car- 
bohydates than dried apple pomace. Because of the thorough cook- 
ing to which it is subjected, pectin pulp is believed to be a safe food 
for stock, in spite of the fact that the apple-seed tissues present in the 
pulp contain amygdalin. 

The total acidity of the dried pectin pulp was slightly higher 
than that of the dried pomace, while the “strength” of its acid- 
reacting substances was somewhat lower. On the other hand, the 
dried beet pulp used in one of the feeding experiments had high acid 
ionization values. Whuile the total titrable acidity of extracts of the 
beet pulp was relatively low, the ionization of the acid appeared to be 
over 30 per cent in an 80 per cent alcohol solution and 7.5 per cent 
in a water extract. 

Pound for pound of dry matter, pectin pulp seemed to be inter- 
mediate between good corn silage and beet pulp as a succulent feed 
for cows in lactation. 

The palatability of the dried apple-pectin pulp varied decidedly at 
different times and with different cows. The addition of molasses, 
for which it is a good absorbent, increases its palatability. 

The work here reported indicates (1) that the valuable extractives 
of apple pomace, such as sugars and pectins, should be utilized in 
the preparation of jelly stock, prepared pectin, or other human food- 
stuffs, and all surplus apple pomace dehydrated at a moderate tem- 
perature; and (2) that all surplus dried pomace and other suitable 
apple residues, such as pectin pulp, should be utilized as stock food. 

All seeds should be either separated from the apple pomace which 
is to be used directly as a feeding stuff, to obviate any danger to the 
stock from hydrocyanie acid, or, if this be impracticable, the pomace 
should be thoroughly heated to destroy the emulsin contained in 
the seeds. 

The seeds might serve as an additional source of profit by sale to 
nurserymen or by distilling the volatile oil from them. 

The dried apple pomace and pectin pulp should be moistened 
before being fed because of their capacity to absorb large quantities 
of water. 

Concentrates high in protein content should be included in the 
rations in which apple pomace or apple-pectin pulp supplies the 
succulence, 
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